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THIAMIN AND GROWTH OF CERTAIN FUNGI 

By 

R. K Saksena and D Dayal 
(Drpartmknt of Botany, University of Allaharad) 

(H»c«iT«d 18 March 1844) 

Abstract 


Acklya dubtii Coker, Aphanomyiet oamptoatylut Dresch, and Thrauatotheea r.lavata 
(de Barv) Hutnoh are canibleof unlimited growth on a medium free from thiamin or ita 
moieties These organisms are capable of synthesizimr their own thiamin from the element- 
ary inRredienta of the nutrient medium and so ne of the thiamin manufactured by the orRan* 
iims IS also Ri /en off by the mycelium into the solution. The addition of thiamin to the 
nutrient medium has no marked effect on the irrowth of thssc oriranisms. 

Introduction 

Funffi other than obligate parasites may be classified into two groups; 
those that are capable of synthesizing their own growth promoting substances 
from the simple ingredients of the synthetic media, and those that must 
secure these from extraneous sources. A large amount of data on the relation 
of vitamins to the growth of fungi has accumulated rapidly. The reader is 
referred to the recent publication of Robbins and Kavanagh ( 1942) for the 
literature on this aspect. 

Leonian and Lilly (1937) have reported that the addition of yeast extract 
to a medium consisting of KHa PO 4 , MgCL . MgSO^ , NH 4 NO 3 , and dextrose 
permitted the growth of Plectoapira gemmifera and Saprolegnia dicltna. 
Later they (Leonian and Lilly, 1938) tested the effect of thiamin on Achtya 
conspiem, Aphanomyces camptoatylus, laoaehlya monilifera and Saprolegnia 
parasittot etc., without obtaining any positive results. They (Leonian and 
Lilly, 1988) have also reported that Thrauatotheea clavata fails to make an 
appreciable growth on a synthetic medium and that it does not respond 
significantly to thiamin or its moieties but must have biotin. 

The present investigation was taken up with a view to find out whether 
the three organisms, viz. Aehlya dubia, Aphanomyeea oampto'-tylua and 
Thrauatotiieea elovata require thiamin for their growth from an extraneous 
source. 
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Material and Methods 

The cultures of Thrauatotheca clavata (de Bary) Humph, and Aphanomy- 
cea eamptoatylua Dresch. were obtained from Central Bureau voor Schimmel- 
cultures, Baarn, Holland. Achlya duhia Coker was isolated from a local sample 
of water. 

The methods used were, in general, those communicated in i arlier papers 
(Saksena, 1940; Saksena and Bhargava, 1941; and Saksena, 1911) As far as 
possible guaranteed reagents were used Thiamin was obtained from Merck 
and Co. All the experiments were run in triplicate. 

Experimental 

The following nutrient media were prepared: — 

Mediam A contained 0 5 gm each of K 2 HPO4 and MgCls fiHi 0; 2 0 gm. 

of NHi N0i ; 0.05 gm. of cystin; 5.0gm. of pure dextrose and 
1000 c. c of distilled water 

Medium B contained all the ingredients of Medium A but in place, of 
2.0 gm- of NHi NOa there was 1.0 gm. of purified asparagin 
and 1 0 gm. of NH* NO* . 

Medium C contained all the ingredients of Medium B but distilled water 
was only 250 c.c. 

The following experiments were performed: 

Seriea I. Flasks containing media A.B and C were inoculated with 
Phytophthora erythroaeptica and Phycmnyeea Blakealeeanua ( -h strain) but 
there was no appreciable growth in any case. 

sei'iea II. 26 c.c. of medium A was poured in 150 ml. Erlenmeyer 
Pyrex flasks which were autoclaved and inoculated with Achlya dubia, 
Aphanomycea eamptoatylua and Thrauatotheca elavata. All the three species 
grew well on this medium and were indefinitely transferable on it. 

Seriea III. Flasks containing 60 c c. of the medium A were inoculated 
with Achlya dubia, Aphanomycea eamptoatylua and Thrauatotheca clavata 
The cultures were kept in diffused light at room temperature (23*’— 26°C) for 
14 days. 

(<i) In the case of each fungus the mycelium of the three flasks was 
removed and washed well in distilled water. It was ground and 
added to 200 c.c. of medium B which was then heated in an 
autoclave lor 5 minutes at 5 pounds* pressure, filtered sterile 
and poured in five sterilised flasks. These were then incubated 
for three days st 30*>C. The uncontaminated ones were inoculst- 
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ed with the test fungi mz. Phytophthora erythroaeptica and 
Phycomyces Blakealeeanua 

(b) 25 c.c. of the medium G was added in the case of each fungus to 
125 c.c. of the staled medium from which the mycelium was 
removed as described under Series Ilia. The pH of the medium 
was adjusted to 7 by N/10 KOH solution and it was then filtered 
sterile and poured in five sterilised flasks. The flasks were then 
incubated for three days at 30''C. The uncont^minated ones 
were inoculated with the test fungi It was found that the test 
fungi gave appreciable growth in each case 

Series IV. Medium B was supplemented with thiamin in different con- 
centrations (5 units and 26 units par 26 c.c. of the medium) and experiments 
were performed on both liquid and solid media. The inoculum was cut off 
from the margin of a young colonv growing on the solidified medium B. 
Medium B alone served as a control. Diametric growth of the colonies was 
measured after 24, 48 and 72 hours, and dry weights were taken after 15 
days of inoculation The results are summarised in Tables 1 and II. 

I ABLB I 

Uiamutric spread (in cins.) of the fungus colonies on solidified medium 
B, with or without thiamin 





Medium B aupplement- 

Fur tfi. 

At the end 
of (hrs.) 

Medium b 
(control) 

1 ed with 

5 unitB. 

tbiamiu. 

25 units. 

' 

24 

u 9 

09 

U.b 

Achi//a duBb 

4b 

18 

l.b 

1.8 


Td 

2 7 

a.8 

27 



Lt> 

1.6 

1.5 

Aphaonmycea caniptoatyiuH 

4b 

8 4 

j 

a, 8 

a.2 



6.U i 

1 

4.9 

48 


24 

! l.U 

1.0 

l.U 

TkrauHtotkteca elavata 

4b 

1.7 1 

1 6 

1.6 


72 

2.2 

22 

1 

22 
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TABLE II 


Dry weights (in mg.) of the fungus colonies grown for 15 days in flasks 
containing 25 o.o. of medium B, with and without thiamin 


unf^i 


Medium B 
(control) 

Medium B supplemented with 
thiamin. 


5 units 


26 units. 



Achlya dubta 


3b 0 

aii 0 


34 tj 

Avhanoniycts o ifnptostyluB 


30 U 

.8 0 


2d 3 

Thrauatotkeca ctaoata 


42.7 

38 (1 


30.0 


Discussion and Conclusions 


It is now well established that the growth of Pkgtophthora erythroaeptica 
and Phvcomycea Blukealeeanua is controlled by thiamin or its components, and 
since it has been demonstrated above that they show no appreciable growth on 
media A.B and C (Series I) , it is clear that media A,B and C were free from 
the significant amount of thiamin, pyrimidine and thiazoie. 

The results of experiments under Series II show that Aohlya dubta, 
Aphanomycea oamptoatylua and I'nrauatothecn ctavata were able to grow 
indefinitely on medium A which was free from thiamin or its intermediates, it 
is therefore clear that these fungi do not require thiamin from an extraneous 
source for their growth. 

Since the test fungi grew well on medium B when the extracts of my* 
celium of the fungi under investigation were added to it (Series Ilia), it can 
safely be assumed that the required thiamin and probably its intermediates 
were present in the extracts and that it was contained inside the mycelium 
of the fungi under investigation, which must have synthesized it from the 
ing redients of medium A. Similarly from the results of experiments of 
Series lllb it is evident that some of the synthesized thiamin was also given 
of! by the mycelium of the fungi studied into medium A. Thus these fungi 
behave like Saprolegnia delica Coker (Saksena and Bhargava, 1941) and some 
species of Pythium (Saksena, 1941) which synthesize their thiamin &om the 
ingredients of the nutrient medium. 

Results of experiments carried under Series IV and tabulated in Tables 1 
and 11 indicate that the addition of thiamin has no marked effect on the 
growth of the fungi under investigation. 
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EFFECT OF PRE-SOWING TREATMENT ON THE DROUGHT 
RESISTANCE IN RICE 

By 

P Parija, O B E . M a (Cantab.), I E.S & K P. PlLLAY. M.Sc., 

Botanicai. Ladoratory, Ravenshaw Coi.i.ece, Cuttack 
((Communicated by Prof B Sahni F. R. S.) 

(ReceiTed 24 Nov»mb*r. 1944) 


Introduction 

In a previous publication (l)one of the authors (Parija) has reported 
the results of investigations carried out in connection with inducing drought 
re dstance by presowing treatment on one variety of winter paddy. It was 
recorded therein that the water requirement of the treated plants was 
significantly less than that of the controls. Further studies have been under- 
taken on a summer variety of paddy, Dalua, during the summers of li)42-43 
and 1943-44, the basis of the pre-treatment being exactly on the same lines 
as published before. Experiments were also conducted to study the capacities 
of treated and untreated plants to endure severe wilting, as this forms, 
according to the Russian worker Maximov (2), the basis of drought resistance. 
The results of these investigations having been promising are embodied in 
this brief paper. 

Sp far, to our knowledge, no record has been made in India of similar 
experiments on Rice. Henckel and Kolotova (3) have reported the effect 
of pre-sowing treatment on drought resistance in wheat conducted in Russia 
They found that, when plants were subjected to severe wilting the amount 
of water lost by the treated plants was less than that of the untreated during 
the period of wilting. In his investigations on the drought resistance of 
Indian Wheats, Chinoy (4) observed <4hBt plants raised from pre-treated 
seeds reached anthesis earlier than the control,^ Experiments con- 
ducted by Kar on 3 Ute (5) at the Bose Research Institute showed that under 
identical conditions of drought, the percentage of wilting is less in the trmted 
plants than that in the untreated and,' on addition, of water, the recovery 
was greater in the treated sets. 
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(a) Water requirement studies 
Method 

The procedure of the experiment was similar to that reported earlier 
except for certain minor details- The initial soil moisture in the tin pots had 
to be maintained at i5% by adding the calculated amount of water (1400 c c ), 
because at 26% moisture level, most of the plants were found to wilt lathe 
hot summer months owing to excessive transpiratipn. Instead of covering 
the open face of the pots by cellophane paper, oil cloth was used this time- 
The treated and control plants were each divided into three groups of 8 
plants each. These three groups represented the three intervals of 
watering of 8, 10 and 12 days- At the end of each interval, the respective 
sets of plants were weighed carefully and the loss in weight, whicii was due 
solely to transpiration, was made good by adding the required quantities of 
water. This process was continued up to harvest and the total transpira* 
tion was thus computed BVom this and the total dry matter produced 
(excluding roots) the water requirement for each plant was worked out 
The yield of grain was also recorded The duration of the experiment was 
about 170 days. 

Results and Discussion 

The results of the experiments conducted in 1942-43 summer are pre- 
sented in Table I Statistical analysis could not be done to evaluate the 
significance of the results obtained owing to the inadequacy of the number 
of plants. There was only one interval of watering (8 days) in this case 

Table I 


Mean values per plant summer paddy 1942*43. (8 days interval of watering). 


Treatments 

Transpiration 

(gms.) 

Dry weight of 
tops (gms.) 

Yield of grains 
(gms.) 

Water 

requirement 

Treated ... 

11,020 

10.18 

0.28 

1.084 

Control ... 

12,640 

9.77 

0.12 

1,288 


The mean values given above indicate that the transpiration and water 
requirement of treated plants are lower than those of the untreated by 12 and 
16 per cent respectively There is no appreciable difference in the dry weight 
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of tops The yield of treated plants appears to be neater but this is not 
confirmed bv later experiments. 

The data collected in 1943-44 have been statistically analysed at the 
Statistical Laboratory. Calcutta and the results are summarised in the accom- 
panying tables . 

Table II 


Means of transpiration per plant (summer paddy .943-44.) 


Intervals of 
watering 

j Treated 

j Control 

1 

Difference 

8 days 

11246 

11975 

730 

10 days 

9321 

9887 

566 

12 days 

8840 

8898 ' 

1 

268 


CD. =810.4 
Table II A 


Analysis of variance— transpiration. 


Variations 
due to 

D. F 

S S 

Variance 

1 

F 

6% F 

Treatments ... 

1 

3224033 

3224033 

4 88* 

4.08 

Interval 

2 

68207604 

34103762 



Interaction 

2 

467930 

228966 

0.36 


Error 

42 

27721526 

660036 


% 


Table III 


Means of water requirement per plant 


Intervals of watering 

1 

Treated 

Control 

Difference 

8 days 

986 

1077 

91 

10 da^ s 

1 988 

1 

1045 

67 

12 days 

1036 

1107 

71 
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C. D. =80 at 6% level. 

,, = 107 at 1% level. 

Table IIIA 


Analysis of variance— Water requirement. 


1 

Variations 
due to 

D. F. 

1 

I S. s. 

1 ! 

! Variance 

[ 

F. 

5% F. 

1%F. 

Treatments . . , 

1 

1 

1 

68875 ; 

68875 

[HIH 

4.08 

7.81 

Interval 

2 

26770 

12885 j 

1 



Interaction .. 

2 

2376 

' 1187 

0.19 



Error 

2 

265934 

<>331 





Table TV 

Means of yield of grains per plant. 


Interval of 
watering 

Treated 

Control 

Difference 

8 days 

1.21/ 

1.20 

0.01 

10 days 

1.15^ 

0.64 

0.61 

12 days 

0.60 

0.63 

0.03 


Table VA 

Aoalysia of varienuc — total dry matter 


Variations due to 

D.F. 

s.s. 

Variance 

F. 

6%F. 

Treatments 

' 1 ^ 

0.226 

0.286 

0.260 

4.08 

Interval 

2 

74.083 

87.041 



Interaction ... 

2 

0.160 

j 

0.080 

0.085 


Error 

42 

39.411 

1 

0.938 


1 


*ln41eat«>airnifleant atS % level. 
**i«AieatM«{ffnUeaoi; at 1 % level. 
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From the statistical analysis, it becomes clear that the transpiration and 
water requirement of treated plants ere sigrnificantly less than those of the 
controls. There is, however, no difference in the yield of strains or the total 
dry matter produced. 

An examination of the results for the two years indicate that, in general, 
the behaviour of the plants in both the seasons is similar. Transpiration and 
water requirement of treated plants were less than those of the correspondinp 
controls in both the years. The total dry matter produced in treated and 
control plants does not show any appreciable variation for both the years. 
Thus, for the production of the same amount of dry matter, the treated plants 
require less water than the untreated ones That is to say. pre-treatment 
increases the efficiency of the plant, and thus enables it to withstand droue:ht. 

(6) Wilting studies in the seedling stage before transplantation 

The treated and the untreated plants behave in a differential manner 
under restricted water supply even in the seedling stages This is indicrted 
by the following observations in connection with wilting and recovery record- 
ed before transplantation. 


Number of plants wilted. 


Dates, 

Time, * 

Treated, 

Control- 

4-2-ld43 

2.30 P. M. 

43 

67 

do 

3 P.M. 

93 

97 

do 

4P. M. 

600 c.c. water added. 

do 

4.30 P. M. 

6 

12 

6-2- 1943 

2.30 P. M. 

39 

48 

7-2-1943 

10.30 A. M. 

28 

67 

9-2-1943 

11.16 A. M. 

33 

50 

do 

1 12 noon 

42 

68 

do 

2.46 P.M. 

83 

92 

do 

2.60 P. M. 

600 c. c. 

water added. 

do 

8 P.M. 

33 

42 
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Number of plants wilted. 

Dates. 

Times. 

Treated. 

Control. 

1 

9-2-1943 

3.5 P. M. 

none 

17 

do 

3.16 P.M. 

none 

17 

10-2-1943 

2.80 P. M. 

9 

24 


(c) Wilting studies after transplantation {19US-H) 

Method 

Treated and control plants of uniform size were transplanted to 8 f^lazed 
stone*ware pots, each pot beingr provided with one treated and one control 
plant. These were at first allowed to gfrow under normal Water supply. 
After (K) days from sowing, 4 pots each containing a treated and a control 
plant were left unwatered until they had wilted completely. The remaining 4 
pots were also similarly treated when the plants were 88 days old, the object 
being to study the capacity of plants to withstand severe wilting at two 
different ages. Finally, a record was made of the number of plants which 
survived and the number which died from both the sets. 

Results 

« The observations recorded in connection with wilting are recorded 
below:— 

Age 60 days— Pots 8, 4, 7 and 8, each containing one treated and one 
control plant were left unwatered from 6-4*44. 




Pot. ' 
Number 

Wilting. 

Date. 

Time, 

Treated. 

Control. 

11.4.44 

6P. M. 

8 

Not wilted 

Slightly wilted 



8 

Slightly wilted 

Slightly wilted 

12.4.44 

10.46 A. M. 

3 

Not wilted 

Completely wilted 



* 

1 Slightly wilted 

Completely wilted 
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These plants are allowed to grow under normal conditions. 

! 

Date. 

I 

Time, \ 

i 

Pot. 

Number. 

Wilting. 

Treated. Control, 



17.6.44 

j 

3 

Completely revived and 
starting normal 

i?rowth by puttintr 
forth fresh leaves 
and tillers 

same state as that 
on 25th April 
1944 



•4 

Revived 

Died. 


j 

' 7 

Died 

Died 


1 

1 

1 

8 

' Revived 

Died. 

12.fi 44 


S 3 

Growing normally .. 

Growing normally. 


1 

4 

Growing normally . 

Died, 



7 

Died 

Died. 




Growing normally 

Died. 


Thus out of 4 treated and 4 control plants, to start with, 3 treated and 
one control plant survived. 

Asre days — Pots 9, 10, 11 and 14 left unwatered from 1th May 1944. 


10.6.44 



All plants completely 





wilted. 


do. 



1,000 c. c. water added 


18.5,44 

Morning 

9 

Revived 

Not revived. 



K' 

Wilted 

Wilted, 


1 

1 11 

Slightly revived 

Not revived. 



i4 

1 

Wilted 

1,000 c. c. water added 

Wilted. 

17.5,44 

Morning 

9 

Revived fully 

Completely wilted. 



* 10 

Slightly revived 

Wilted. 

• 


11 

Completely revived ... 

Wilted. 


i 

14 

Slowly reviving 

Slowly reviving. 
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These plants allowed to Rrow under normal conditions. 




Pot. 

Number. 

Wilting.' 

Date. 

Time. 

Treat. 

Control. 

12 6.44 


9 

10 

11 

14 

1 

Growing normally 

1 Growing normally 
Growing normally . 
Dead 

Dead. 

Dead. 

Dead. 

Growing normally. 


Out of 4 treated and 5 control plants ultimately one survived in the con- 
trol set and 3 in the treated. 

SuMMAHV AND CONCLUSION 

The observations recorded above indicate that the treated plants of 
summer paddy, locally known as Dalua, withstand drought conditions better 
than the untreated within the limits of our experiments. The survival of 
plants when they are subjected to severe wilting Is greater and recovery, on 
addition of water, is sooner in treated than in the untreated ones. Even 
in the seedling stage wilting is much less in the treated set than in the 
control. It is ,al 80 found that the transpiration and the water re- 
quirement of the plants subjected to the pre-treatment are significantly less, 
showing thereby, that they require less water than the untreated for the 
production of the same amount of dry matter. Thus pre-sowing treatment 
induces resistance against drought in summer paddy. Probably repeated 
soaking and drying of the seeds several times might induce still greater 
resistance to drought. 
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NOTES ON THE ANATOMY OF THE STRIDULATING APPARATUS 
OF GR YLLUS SIGILLATUS. ( WALKER. ) 

BY 

Ram Nath Miska, M.Sc. 

Dlpartment of Zoology, Agra Collf.ge, Agra 
(Comrtiunicated by Prof. D. R. Bhattacharya) 

(With six text- figures) 

(R«caiT«d 2ad May. 1944) 

Abstract 

Th« following important features have been revealed from a study of the Stridulatini; 
Apparatus of Gryilus sif^illatus:— 

(1) The teg^men of either side bears a file. 

(2) Scraper is altofcether unrepresented. 

(2) The dorsal rei^ion of the mesothorax bears on either side stiff brietles against 
which the hie strikes to produce the sound. 

(4) In the position of rest the right teginen overlaps the left one 

Introduction 

Members of certain groups of insects like Orthoptera, Coleoptera, 
Hymenoptera and Lepidoptera are capable of producing sound of different 
types and intensities. The mechanism for the production of sound has been 
thoroughly studied in a number of insects but it seems that Gryilus tigillatus, 
the common Indian Kitchen cricket has escaped close observation. The 
author’s findings do not conform to the types already described in the Family 
Gryllidss. Different views have been put forward regarding the importance 
of sound in the life of insects. In this connection Leo J. Bair’s experiments 
and observations are very instructive; he concludes that insects are stimulated 
to produce sound by external influences and one of the many factors which 
initiate chirping of the male is the approach of a female or to indicate its own 
presence. Gryllua aigxllatua was selected for study as it is easily available 
and it is capable of producing a very shrill note which denotes a high degree 
of development of the sound'producing organ. It is a nocturnal animal, 
and rarely comes out during the day time when it frequents dark 
and shady corners in almost every house. The insect is especially abundant 
in kitchens where it lives upon pieces of food left over, They are easily 
caught during night time when they come out in search of food. 
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Method And TsCHNiguE 

For purpose of study the insects in livintr condition were kept in (rlass 
jars in a darkened room. These jars were covered with close fltting wire- 
gauze lids and at the bottom a layer of finely sifted earth about two or three 
inches m thickness was laid The insects were fed on raw meat or dough on 
which they seem to thrive well. 

The tegmina from the different stages of development of the insect 
were removed and flattened by keeping them between two slides which were 
tied with rubber bands on either end. After dehydration, clearing was done 
in clove oil. Tegmina from nymphal stages when plucked invariably brought 
with them tuft of muscles which had to be cleared in a weak solution of 
caustic-potash. 

StRIDULATING APPARArUS 

The female Gryllua sigillatus is wing-less, whereas the male which is 
comparatively smaller than the female possesses a pair of wings correspond* 
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ing: to the togmina of other insects. These tegmina are not so fully developed 
as in other allied insects like Gryllodes melanocephnlus (the field-cricket), but 
remain small so that the greater part of the hinder region of abdomen re- 
mains uncovered. The tegmina are not adapted to flight but they mainly 
serve the purpose of stridulation. They are attached to the antero-lateral 
borders of the meso-thorax and in the fully developed male they extend behind 
upto the third abdominal segment. Each tegmen is composed of a broad 
portion which lies on top ot the meso-thorax and the three anterior segments 
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of abdomen, and a narrower lateral portion which is applied to the sides of 
the abdomen (Fig. 1). When the tegmina are lying at rest the flat dorsal 
portion of the right overlaps the corresdonding portion of the left, leaving 
uncovered a small area of the left tegmen (Fig. 2). 
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The stridulating apparatus in this insect consists of a file and large 
stiff bristles. The former is borne by the tegmina and the latter are found on 
the dorso-lateral surface of the mesothoracic tergum. 

The file can be seen from the dorsal side of a tegmen as a dark chain- 
like line which starts from the anterior end of the lateral fold (which 
separates the dorsal flat part of the tegmen from the lateral part) and runs 
obliquely backward m a curved fashion to near the free anal margin of the 
tegmen. At this end all the veins of the dorsal flat part of the tegmen con- 
verge and the tegmen bears a large number of well developed bristles 

Structure of the File 

It consists of a central cuticular axis developed on the ventral side of a 
vein. It bears a series of teeth which vary in number from 114 to 122 in the 
fully developed file. The teeth are largest m the centre and gradually 
diminish in size towards either end of the axis. Each tooth is roughly 
triangular in shape and is attached to the axis by its apex and its broad 
slightly curved base hangs freely ventrally. The teeth arise at an inclined 
angle from the axis (Figs. 3 and 4). 

The bristles, as mentioned before, are situated on the dorsolateral side 
of the mesothoracic tergum on either side. 

Mechanism of Stridulation 

During stridulation the tegmina are raised at an angle of about 46 
degrees to the back of the animal (Fig. 6) and they are rapidly moved side- 
ways to produce the characteristic rattling noise. The files of either tegmina 
which seem to rub against one another do not do so, but they rub against the 
dorso-lateral surfaces of the mesothoracic terga which bear on either side 
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localised patches of numerous large stiff bristles Sound is produced by the 
rubbing of the teeth of the file against these bristles. There is thus no 
specialised area of thickened chitin either on the tegmen or on the meso- 
thor IX which may act as scraper against which the file may rub as has been 
described in the family Tettigonidae and Gryllid®. In the male Microcentrum 
laurifolium of which the stridulating apparatus has been thoroughly studied, 
the left tegmen bears a file-like organ while the opposite one bears a scraper 
and the sound is produced by the rubbing of the file against the scraper. The 
Gryllodes aigillatus is different from others in producing sound by the friction 
of the file against spines on the mesothoracic tergum. In Tettigonidae and 
Gryllidae no part of the thorax has been shown to serve as stridulating 
apparatus. In the Family Cerambycidae of the Order Coleoptera, however, 
tne hind margin of the prothorax rubs against the base of the scutellum to 
produced sound. 
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A B SIR ACT 

Th« modern theorieB on the otigin of double m^nstere are based on the observations 
made on higher hsh, birds and mammals, This is due to the fact that medical authors artf' 
mostly interested in the origin of the human tnonetere, besides malformatiouB of this type 
are rather rare in animalfi of the other claBses of vertebrates. Nevertheleaa the casefl 
published by me in 1926 furnish sufficient material on duplicities of amphibia to point to the 
remarkable difference between them and those of the other classes. As these observations 
have been confirmed on further material collected by me and by the publications of some 
Japanese authors in the Folia Anatomica Japonica they are now sufficient in number for the 
discussion of the problem which is the subject of this paper* 
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l.^The difference betmen ike double momtera of amphibia and those of fish, 

birds and mammals. 

In the first part of my above quoted paper (Politzer 1926 a) I proved 
beyond doubt— and it has been confirmed since then— that there exists no 
posterior duplicity in amphibia and that all relative specimens published up 


*Fron: the Princess $urrendra Kumari Memorial Central X-Ray Institute, Patiala. 
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to then as well as all described by me were no cases of real duplicities 
Further observations by Japanese authors confirmed the correctness of my 
conclusion. They were cases of exstrophy of the entoderm with subsequent 
independent development of the paired tail tubercles which could not unite 
to an unpaired tail bud due to the presence of the inverted entoderm. This 
could be proved bv the presence of a big kind of yolk plug whose outer 
surface had already developed into t ie epithelium of the intestines with all the 
typical cellular differentiations characterising this area. On both borders of 
the plug and even further on towards the head, where the intestines were 
inside the body and nearly normal, notochord and suinal cord showed normal 
differentiation to about half-size organs The two tails were highly asvm'*' 
metric due to the underdevelopment of their inner (op'po.sitel sides. Only 
their tips showed rudimentary signs of postgeneration of the muscles, 
rhese observations (iroved beyond doubt that the w-callei posterior duplicities 
of the amphihi i were no duplicities at all hut the result of an im'omplete in- 
vagination of the entoderm ivith subsequent self differentiation of the ectopic 
organs and rndimentary regulation and poHgeneration of the non-nnited 
portions. It can be presumed, that this abnormal gastrulation is caused by an 
abnormal s'ze of the entomesodermic area on the surface of the blastula. 

The systematica of the malformations in man and birds contain a special 
group whose main representative is the craniopngus parasiticus (Fig. 1). 
A second head is present connected with the head of the autosite by the 
vertices of the .skulls. The irregularity of this malformation is manifest 
from the fact that both faces are looking to different sides and the different 
specimens observed so far snowed remarkable diversity of the angles of the 
symmetric planes of both heads: The same irregularity is found in the rare 
cases, in which both partners of a craniopagus are endowed with trunks and 
limbs. This irregularity in the axes and planes of the partners characterises 
also the other representatives of this group of double monsters. In a paper 
I published together with H. Sternberg in 1929 we tried to distinguish typical 
and atsrpical malformations, The first group containing amidst many others 
the Polydactyly, the harelips, palate clefts a.s.o. are characterised by a great 
similarity of cases of the same ilk and by the heredity of the malformation. 
The atypical malformations are those in which the different specimens show 
a diversity even of essential features. While the first grou > is due to the 
retardation, incompleteness or disturbance of a well defined part-action of 
the embryological processes, the second group derives from accidental inter- 
ference of unusual factors during the development. Observations on germdiscs 
of birds oontainlag two embryonal primordia show clearly that the 
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craniopagua derives from a secondary coalescence of the heads of primarily 
disparate embryos. To make this deduction clearer I attach Fig. 2 which is 
a simplified sketch of a malformation observed by myself U is now most 
interesting and important for the conclusions drawn in later chapters of this 
paper that no specimen of duplicities in amphibia has been observed so far, 
which belongs to the above group of double monsters. 

All in all it can be said that all the double monsters of amphibia observed 
so far are typical anterior duplicities. The only difference between the 
different .specimens observed so far lies in the extent of the duplication. 
Where asymmetries could be observed (as f.i. in one case in my second paper 
on duplicity of urodeles 1926 b) they are of secondary nature and do not con- 
cern the early processes of development during which the occurrence of a 
duplicity is decided. Let us see the importance of this obaervition! In agree- 
ment with the general theory of the origin of double monsters Newman dis- 
tinguishes three different ways by which twins and double monsters may 
originate. 

No. 1. A. young blastoderm may divide into partly united partly separ- 
ate blastodermata. If both of them produce embryos they will be partly 
united partly separated. 

No. 2. A single blastoderm loses its axiate organisation so that two 
separate gastrulation centres appear. If these two gastrulation centres are 
near to each other they are bound to fuse earlier or later into a single one, so 
that again a double monster will originate. 

No. 3. An originally single axis will separate incompletely into two 
branches. 

There is much discussion about the reality of these three possibilities, 
each one being sustained by observations and experiments. But it has not 
been tried so far to examine them on the applicability to amphibia. 

Ad No. 1. Let us suppose that in the entodermic area of the late 
blastula of an amphibian egg two invagination centres should appear instead 
of one. The result will be that two separate invagination streams will be 
formed and two separate archentera will arise. But as soon as the material 
between the two invagination centres will have been used up the two separate 
streams will unite into a single one. That means that the archenteron of the 
gastrula as a whole will become Y-shaped, the length of the paired cranial 
extremities dependant on the tottner distance between the two invagination 
Centres. 
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There is amp'e evidence in the embryologic literature, the descriptive 
and experimental as well, (hat the archenteron actaas an organizer (Spemonn 
and Mangold 1924) inducing the formation of the brain out of the overlying 
ectoderm. It means that the occurrence of a double invagination centre will 
lead to a typical anterior duplicity, the extent of the duplication dependant on 
the initial distance of the invagination centres. 

Ad No. 2 Let ua suppose that origihally one single point on the blastula 
is destined for the start of the gastrulation, but for reasons unknown this 
primarily single invagination stream separates later on into two disparate ones. 
The result will be a Y-shaped archenteron, the length of the paired components 
dependant on the degree of independence of the two branches. Again under 
the influence of the archenteron as organizer an anterior duplicity of various 
degree of duplication will result. 

Ad No. 8. The discussion of this third point is a bit more complicated 
because the incomplete isolation of two blastomeres or groups of blastomeres 
will not remain permanently manifest due to the syntactic influences, the 
surfaces of the cells are exercizing on each other. But luckily the experi* 
ments of Spemann (1901, 1902, 1903) give a clear answer to this question. It 
Spemann tied a thin hairsling around the furrow demarcating the two first 
blastomeres from each other and removed it afterwards the germ appeared 
entirely normal uptil the inception of the gastrulation- But during the in- 
vagination the stream of cells divided into two divergent components, with 
the result that duplicities of various degrees arose But all of them were 
anterior duplicities and if the string was tied too tightly the result was no 
anterior duplicity but fulfledged twins. Thus it can be presumed that in- 
complete isolation of blastomeres may result in no manifest changes uptil the 
gastrulation and later on in the formation of anterior duplicities of various 
degrees. 

Concluding it can be said that whatever theory we Itke to apply to am- 
phibians they always will explain the occurrence of anterior duplicities only 
what tallies well with the above mentionfd observation that no other double 
monsters but anterior duplicities have been found so far. The interference 
between twins leading to malformations of the type of figures 1 and 2 cannot 
take place, as the twin embryos of amphibia are isolated from each other and 
not growing on the same germ disc as in birds. 

//. The difference between natural and experimental duplicities of 
amphibia and its importance. 

The development of the experimental embryology in the beginning of 
this century led to the discovery of different methods to obtain double mon* 
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sters artificially. No wonder th^t some less cautious authors tried to explain 
the natural occurrence of duplicities as a repetition of the experimental 
factors in nature. Sometimes this task was a difficult one ksfipemann 
found that incomplete constriction of an early j?erm alomr the furrow of the 
first cleavage-division by a hairsling leads to the occurrence of an anterior 
duplicity, Grochmalicki and Kaufmann believed that a similar action could be 
exercised by a fold of the wall of the uterus, in which the ova of the sala- 
raandrinae develop Apart from the fact that such an action is hardly 
imaginable, the jirobability would speak for an irregular constriction of the 
ovum along any meridian of the globe Spemami has now .shown that already 
a slight deviation of the sling from the furrow lead.s to cyclopic defects jof 
one partner of the duplicity. It should be thus expected that duplicities 
found in nature show this anomality in nearly all cases, while only one single 
badly described case of Klauaner exists in the whole literature, which may 
possess such a defect as postulated above. The famous theory of Stockard 
based on his experiments on fundulus has found many supporters. Tem- 
porary arrests in the development may lead to discoordination of the part- 
processes of the development. As there is a critical period for each step 
in the development this critical moment may lapse due to a temporary 
slowing down or arrest of the development. It is quite probable and even 
proved by experiments that the lapse when once having happened can no 
more be regulated in a normal form, But this shall be discussed later. Also 
the findings of Werber have attracted great interest as some of the chemical 
substances by which he was able to obtain malformations do appear in the 
pathological metabolism as f,i. butyric acid. But all these interesting 
juxtapositions and analogies miss the essential point that there are marked 
differences between the malformations found in nature and those obtained by 
experimental interference. 

No. 1. Fig, 3 shows one of the many anterior duplicities obtained by 
Spemann by constriction of triton ova by hairsJings along the first furrow 
during cleavage. Compare with it Fig. 4 which represents a salamandra larva 
observed by me. It is clearly visible that both heads of the salamandra larva 
are approximately of the same size as those of a single normal animal of the 
same age and size, while the heads in the triton larva of Spemann are by far 
smaller than that. For the same reason the heads of Spemann'a larva keep 
some distance one from the other ad that there is even some space left 
between both filled by the gills of both heads. In the larva described by me 
the heads do not find room for their adjustment and as visible in a front view 
of the faces of both heads one has partly slipped above the other (Fig. 5). 
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Fisf. 6 shows a simplifled drawing of the famous dicephalus of Broman, in 
which the size of heads and limbs show the same relations of size as described 
in my larva. Concluding it can be said that t/ie doubled parts in a duplicity 
found %n nature show equal size to those of a normal animal of same age and 
length, while in malformations obtained artificially the doubled parts are 
about half size. Exact measurements to confirm this statement have been 
made by Tan Jur, Ttrni and myself but they are not necessary to be related 
here in detail because the reproduced. figures are self evident. 

No. 2. Another difference between both kinds of malformations can be 
seen in the figures 3, 4 and 6. The larva of Spemann shows a very slender 
trunk even where the two heads are branching off. The larva described by 
me and the dicephalus of Broman possess broad trunks which diminish slowly 
in diameter towards the caudal end of the body. The explanation for this 
difference is obtainable from the study of the condition of the inner organs. 
In experimental malformations the outer and inner duplication end nearly in 
the same level while in the duplicities found in nature organs are doubled 
even in an area which apart from its abnormal breadth appears in its outer 
aspect to be single. Concluding it can be said that in nature malformations 
the duplication of inner organs is by for more extensive than that of the outer 
appearance while in artificial ones both nearly coincide. 

The comparison between malformations obtained by experiments and 
those found in nature shows marked differences which admonish us to be 
careful in our attempts to prove that similar factors prevail in nature and in 
our experiment. 

III. Segulation and regeneration of size of primordia of organs of 

amphibia. 

It has already been mentioned in the first chapter of this paper that 
whenever we apply the constriction by hairsling to the ovum of a triton 
which leads later on to its developing into a double monster, the irregularities 
in the developmental processes will not start before the gastrulation. Inspite 
of all the differences in the development of the amphibia with their typical 
total invagination and the discoidal development* of the teleostei, birds and ma* 
mmals similar conditions are prevailing also in other classes. The physiological 
polyembryony of the armadillo and similar animals (vide Newman) becomes 
not manifest before the appearance of the primitive knot and stripe. But 
even if there are some differences as to be expected from the rare cases of 


*Thii do«« n9t difcoidat cUavap^ which does nat occur in hig^her mammals. 
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apparition of disparate cleavage in one or the otiier higher vertebrate 
it does not affect our conclusions when we confine them purposely to 
amphibia. 

For them it can be maintained that the first anomality to be observed 
will be the atypical gastrulation which instead of forming a straight archen- 
teron will lead to Y-shaped formations. It has already been mentioned that 
this foregut once it has been formed acts as an organizer and converts the 
overlying ectoderm into medullary plate. The fact that there exists a kind 
of predetermination for the formation of medullary plate already in a previous 
stage as proved by Lehmann, Bautzmann and others does not affect our 
conclusions in any way as this predetermination is not fixed but alterable 
under the influence of the underlying organizer But if such a Y-shaped 
invagination takes place in an otherwise normal ovum then the material 
consumed for the two disparate forguts will be equal to that normally used 
for one forgut only. As the size of the medullary organs is dependant on 
the size of the organizer as proved by the experiments of Mangold and others, 
the two heads of the anterior duplicity must remain below normal size as in 
the malformations obtained by Spetnann. This conclusion which is of the 
greatest importance for the following chapters stipulates that the primordia 
of the organa when once determined can no more be changed in size. This 
statement shall be exemplified by some observations from the experimental 
literature. The experiments of Pf^ache have shown that the regenerative 
forces of the eye of the larva of the newt is nearly illimited. If only the 
pigment epithelium (tapetum) of the eye was left after an operation it 
suffices to regenerate the retina as well as the lens. Spemann 11912) ^ on the 
other band inverted a part of the ectoderm of the dorsal surface of the very 
young germ of tritons so that the eye primordia have been divided into two 
halves located now at different places of the embryo. None of these four 
reduced eye primordia developed into an eye of normal size, but all formed 
undersized replicas of normal organs. Also in microphthalmic larvM of 
^lamandra found in nature no regeneration or regulation to normal size takes 
place. The same observations could be made in other organs as the heart 
(Sioehr), the limbs {Harrison) and the tail {tiergol, PoUtaer 1929). Thus ft 
can be said that the anterior duplioitm of the urodiUa art formtd bg Y-tkefud 
invagination and that the conditiona found the natural duplidHtt earn onfg 
be explained if we premme that the area on ike mrfdet of the Uaaluia 4nHnid 
to form the roof of the foregut woe inoreated in oize alrxxdg before the 
gaetrulation aet in as otherwise the duplicities resulting ttom Y'Shi^md 
invagination would look like those obtained by Spemann and not like thoate 
found by me. 
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/ V. Experiments on ova of amphibia leading to disproportionate 
distribution of primordia on the blastula. 

•Based on the famous experiments of Vogt and his school a chart coufd 
be mapped out showing the position of all essential organs as primordia on the 
surface of the blastula. I have reproduced this famous chart in another 
paper published in these proceedings {Politzer 1944). But the relative .sizelof 
these organogenetic areas can be changed by experimental interference. 
Herbst, later v. Ubisch and Lehmann achieved a relative increase of the vegetal 
area of the ovum by submitting the eggs of the sea-urchin to the influence of 
lithium salt. The opposite result, the relative increase of the animal area can 
be obtained by rhodanides (I/indo/ii, Rvnnstroem) . This falls in line with 
older experiments of Driesch, Herbsf, Fiachelund others who obtained various 
malformations by help of changing the chemical environments in which the 
ovum was developing. But chemical agents are not the only means by which 
a disproportion of the primordia of the organs can be obtained. Lehmann 
and Runmtroem showed that the action of these chemical agents bears on the 
cell respiration and that similar effects can be produced by changing the 
oxygen-carboxide relation- The changement in the cell respiration is not the 
same in all cells of the germ and, while some will respond with a complete 
standstill of the cellular life, others will be but retarded in growth, while 
still others may be left more or less undisturbed. This will lead to a 
disproportion in size of the primordia of the various organs or germ layers 
in general and alter the chart of Vogt to a remarkable extent. As it has 
been shown in the previous chapter the disproportions in the size of the 
primordia when once established cannot be regulated later on to normal 
conditions, we are drawn to the conclusion that the disproportion of the 
organs, once established in their primordia by chemical or physical agents, 
remains unaltered in its essentials also later on and must lead to malformations 
at least in size. The differentiation of organa are usually based on a proper 
size of the primordium and it needs careful discussion what alterations we 
have to expect in primordia increased or decrea.sed in size as compared with 
their regular condition. This leads to the necessity to discuss the develop- 
mental features of the local nanism and gigantism. Concluding it can be said 
that ehsniieal and pkusioal agents create disproportion in the sue of the 
primordia of germ lay ers and organs in the late blastula and early gastrula. 
This digproportion cannot be regulate in size at a later period of development. 

V, On local nanism and gigantism. 

It is known sii^ long that malformations of size occur in tw.o different 
forms. Sometimes the abnormal organ is an enlarged or diodnisbed replkta 
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of a normal one and sometimes its abnormal size is only part and parcel of a 
far reaching abnormity of form and differentiation. It is further known that 
the localised nanism is more often characterised by normal features of the 
organ concerned apart from its diminished size, while the local gigantism 
tends more towards graver anomalities of form and structure. To mal^e the 
discussion easier, it will prove useful to call an organ or an organism 
“harmonic” (as suggested by Drieach), if the relative size of organs or 
primordia and their differentiation and distribution is normal, whatever the 
size of the organism or organ as a whole may be. Adopting this nomenclature, 
it can be stated that the local gigantism is mostly disharmonic, while the 
local nanism is usually harmonic. Harmonic gigantism is found, if at all. at 
the acral parts of the body as fingers, toes, eventually tongue and lower jaw 
or in young larvae as a whole. Fig. 7 reproduces the famous case of Streeter, 
Fig. 8 a case observed by me. As far as the origin of the gigantism is 
concerned, we start best from the experiments of Drieach in which he 
succeeded to fuse two sea-urchin eggs to a single one- This giant egg 
produced mostly giant, but harmonic plutei. But sometimes the plutei 
showed anomalities which could be interpreted as partial duplicities. The 
explanation for this attitude of the ova has been given by Drieach in connection 
with the results obtained in another experiment performed by him and 
Herbal, If the blastomeres of the sea-urchin egg are separated one from the 
other, each one will develop into a fpluteus of normal differentiation but of 
reduced size. Drieach argues that each ovum is to be considered as a 
harmonic-equipotential system, i.e,, it is able to produce a harmonic organism, 
but whose parts possess still the potential capacities of the ovum as a whole 
which can be realised under abnormal circumstances. If the blastomeres of 
the ovum are separated each blastomere forms again a harmonic-equipotential 
system, destined in the normal course of development to form a half embryo 
only. But its eguipotentiality makes it possible that a regroupment takes 
place which finally leads to the development of a full larva of only reduced 
size. Similar conditions are prevailing in the giant ova resulting from the 
fusion of two ova. Here a harmonic-equipotential system is reached by fusion 
of two systems in a similar way as a harmonic-equipotential system can be 
obtained by separation of the blastomeres i.e., by halving a system into 
two. The fact that these giant ova furnish sometimes giant plutei and some- 
times more or less complete duplicities shows that the tendency of the giant 
ovum to form a new harmonic-equipotential system by fusion interferes 
with the harmonic-equipotential systems which were represented by the two 
..Ciya which have been fused. The result of this interference is a more 
manifest duplicity. 
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The same arerumentation hts into the local sriffantiscn. as I have shown 
in my paper on this subject in 1988. The giant fingers and toes are often 
simply enlarged replicas of normal ones but sometimes they contain two 
complete finger skeleta while the outer appearance of the finger (nails, the 
joint furrows of the skin, the hair pads), is single. The formation of giant 
fingers can be explained easily by the hypothesis that during the separation 
of the hand plate into the material for the different fingers the distribution 
of the material was abnormal so that too much material has been assigned 
to one of the fingers. This giant primordium formed a harmonic-equipotential 
system for a finger but some tendencies to partial differentiation as charac- 
terising a harmonic equipotential system of a lower order were occasionally 
realised. Again the same interference between systems of higher and lower 
order could be 'proved in the case of the local gigantism as it is in existence 
in the cases of giant ova, where the formation of a giant larva interferes 
with differentiation to double larvae. How is it now to be explained that these 
interferences are more often visible in the cases of gigantism than in the 
cases of nanism? I believe it can be no doubt that this can be only attri- 
buted to the fact that the abnormal quantity of material can not be always 
accommodated into a normal formation but carries in itself the tendency to 
separate into units of normal size 

Concluding it can be said that while a moderately diminiahed quantity 
of a primordium can easily be differentiated into an organ of diminished 
site, an anomalous increase of material destined for the development of an 
organ tends to some extent to partial or total duplicity. 

VI. The origin of duplicities 

It has been mentioned previously that no simple analogies can be 
drawn between the experimental factors leading to the formation of duplici- 
ties and those prevailing in nature, already for the simple reason that there 
are marked differences between the malformations produced artificially and 
those found in nature. The main difference on which we drew the attention 
was the sise of the doubled parts of the embiyoa which led us to the postu- 
late that the material destined for the doubled parts of the embryos 
must have been excessive in size already In the blastula. This means 
that the duplicities at leaat of the amphibie are due to an abnormal 
size of the primordia of the germ layers when still on the surface of the 
blastula. As the formation of the organs of the head haa been proved to be 
dependant on the dorsal wall of the archenteion acting aa an organizer it 
must be presumed that the area meant for this purpose has bean excessive 
in size already at the end of the biaatulatlon, An unequal distribution of tbs 
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primordia of the germ layers can be produced by various agents; Alteration 
of the cell respiration by Rulinatroini, changes in the chemical constitution of 
the water by Herbit, FUchel, LihMann, Runnatroem and others. Even 
experiments not made for this voify purpose as those of Stoekard or Werber 
can be cobsidered in this coni^ection. Taking this all in mind it can be stated 
as follows: 

No. 1 . By chemical or physical anomalities of the conditions surround 
ing the ovum during the blastulatioft. the area assigned to form the roof of 
the archenteron occupies a. bigger part of the surface of the blastula than 
usual. 

No. 2. If once the primordium of an organ is oversize (or \mdersize) 
no late regulation of this disproportion is possible. 

No. Oversize primordia although occasionally able to develop an 
organ of normal form and differentiation, but of excessive dimensions carry 
in themselves the tendency to develop into duplicities. 

No. 4. If once the invagination" leads to Y-shaped form of the archen- 
teron however the process may have started the whole anterior end of the 
larvae will be doubled due to the fact that the development of the head is 
directly or indirectly dependant, on the action of the roof of the foregut as 
organizer. 

No. 5. Duplicitates posterioree and irregufar double-monsters occur In 
animals only, where the development of embryos appears in a dincshaped 
area of the ovum (teleostei, birds, mammals). 

This hypothesis is valid in first instance for amphibia only, while there 
may be other factors governing the development of higher fish, birds and 
mammals. But the advantage of the above hypothesis lies in the fact, that 
it is in accordance with all the observations made so far in duplicities of 
amphibia It tallies also well with the results of various experiments and its 
purely hypothetical part is exceedingly small. But even these portions 
which are at present mere presumptions are open to experimental control 
which I hope to carry out as soon as I am given the necessary opportunities 
again. 
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A. DESCRIPTION OF THE HITHERTO UNKNOWN FEMALE OF 
AEDES {DICEROMYIA) PERISKELETUS (GILES) 1902 

By 

M Qutubuddin, M.Sc . 

Malaria DtPARTMiiNr, Hyderabad, Deccan 
(Communicated by Prot M. Sayeeduddin) 

(Rac«iv*d 20 Octobar 1944) 

Abstrac t 

Full deicription of a female mosquito uf the apecteH (Ihcrromyfi) perisk^istuB 

(GiIpr) 10 fi^iven. ThiaspecieB has been hitherto known onlv fiom the male sex as first 
described by Giles in 19(J2 from Shaiehanpur and later by F, W Fdwards m 11)14 No speci* 
mens, whatever, could be available during? a search made by other workers for the last 
years in the north of India. 

The mosquito described here differs from the other .’l in )ian species of the sub^j^enus 
iJiceromyta in the presence of femoral pre-apiCAl pale rings and from A {!)) lyngxri Bdw. 
and A (D) punctip^a Edw in the coloration of the first hind tarsal segment. 

While it resembles in many features, the female differs from the male of A (U) 
partakeletua (Giles) in the broad patches of whits acalea on the vertex and the absence of 
white ring on the proboscis. 

But as It shows closest affinities to A (I>) par%akel*^tua it is labelled as such and can 
not at present be ranked as a new species altogether. 

Historical 

This species was first described as Stegomuia penakelata by Giles in the 
year 1902. llis description was based on the single type male he caught from 
Shajehanpur in August 1900. Later F. W. Edwards gave a rediscriptidn of 
the male from Jhansi in 1914, and named it as Ochlerotaitis annulifamur, 
P. J. Barraud (1928) in revising the Culicine mosquitoes of India abandoned 
the two sub-generic names in favour of the sub-genus Stusea of the genus 
Aedas and named the species as Aedsn (Skuses) periskeletus Giles but on 
further research it was finally sunk by Barraud (1984) under the sub-genus 
Diceromyia which was erected by Theobald in 1911. From the Indian region 
five species of this sub-genus have been reported till now. No further 
specimens of the species under description could be collected for the last 
thirty years by other workers and it was known only from male; female 
remained unknown till now. The author of the present article during a 
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survey of the Culicine mosquitoes of Hyderabad (Dn) City came across a 
sinjfle female a description of which is given in the following: — 

Systematic Position and Description op thi. Female 

I. Generic Diagnosis — The profusely fringed margin of the sqauma and 
the ending of the vein 6 well beyond level of the fork of vein 5 rule out three 
Indian genera Uranotaenia, Harpagomyia, and Hodgesia. The presence of 
post-spiracular bristles suggests the Indian genera Mansonia (Mansonioides), 
Armigeres, and Aedes. But the slender and straight proboscis decides us to 
place it as Aedes (Sens-lato). 

II. Sub Generic Characters— The simple tarsal claws, scant ornamenta- 
tion, broad and flat acutellar scales, short first hind tarsal segment, and 
moderate length of proboscis distinguish it from other sub-genera of Aedes. 
It is distinguishable from the sub-genus Cancraedes by the presence of white 
stripe on head on either side of middle line. The broader and not completely 
retractile VIII segment of the female; shorter and broader cerci and simple 
claws spearate it from Aedimoiphus The presence of a fringe to the squama 
excludes the sub-genus Paraedee erected by F. W. Edwards to receive two 
Indian species. 

III. Description of the Female — Black smallish species not conspicuously 
ornamented. VIII segment broad and not completely retractile; cerci short 
«nd broad. 

Head: Clothed with broad flat scales; black up right scales on naps 
more than few, two patches or rather bands too broad to be called stripes 
(stripes in the case of male), of white flat scales on vertex separated by a 
line of black broad scales in the middle. A line of thinner white scales is 
continued down to the frons. Proboscis; dark brown with no white ring in 
middle, (white ring in the case of male). 

Thorax: Mesonotal scales dark brown; lighter scales on front margin 
and very few in front of wing roots. Flat white scales on the scutellar lobes 
are visible. 

Abdomen: Mainly black scaled with white basal lateral patches more 
conspicuous on the II, 111, and IV tegites. 

Legs: Black; pre-apical white rings on femora (absent in micropterus 
(Giles) and reginae Edw. All femora and tibiae narrowly white at tips. 
Apart from the pre-apical rings, the fore-femora are picked out sub-apically 
with creamy white, rather, bluish flat scales only on the dorsal side not 
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forming: a complete ring:. Thin lines of similar scales are seen from certain 
angles on the dorsal side of all the femora. All tarsal segments narrowly 
white at both ends. First hind tarsal segment without pale ring in middle 
(present in punctipes Edw. and iyengari Edw.) Wings: brown scaled, a few 
white ones near the base, 

Discitssion 

Thus it is clear that the female typically differs from other Indian 
species and is closely allied to the male of A. (D) perisketetus (Giles), except 
in the coloration of the palpi and the magnitude of broad white vertical sclaes. 
Until, however, a male having characters answering to the above description 
and differing from the male of A. (D) perisketetus, is discovered, it cannot be 
given the rank of a separate species. It is, therefore, labelled as hitherto 
unknown female of A (D) / eriakeletus (Giles). 

The single female specimen will be deposited in the Indian Museum as 
circumstances permit, and the para type, if be available, will be sent to the 
British Museum. 
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Abstract 



The contents of the pyloric caeca of Ophicephaliis fttriatua Bl., a carnivorous fish, and 
OMpfiTontmuB poromy Lacfp., a herbivorous tlsh, were biochemically tested for the detection 
of digestive enzymes, and the following functions may be assigned to them — 

(а) Possibly act as a storage ol reserve or semi-digested food- material. 

(б) Probably absorb the digested food matter like the intestine. 

(c) Are said to be mainly concerned with fat-absorption. 

(d) Partly act as digestive organs— presence of certain enzymes, such as diastasic, 

MALTASE, LIPASE, PEPHJN, and TRYPSIN and also that of the bile, which affect the 
digestion of carbohydrates and proteida, and thus help and supplement the 
digestive processes of other juices poured into the alimentary canal. 

(«; They secrete upahe and trypbin in the carnivorous hah {OphicephaluM atriatue 
Bl.) and DIASTASE and trypsin in the herbivorous tish (Osp/trone/nus ^poramv 
Lac6p.), -because the latter fish requires more diastase to digest the excess of 
starchy food. 

Introduction 

Some work on the physiology of the alimentery tract in Ashes has been 
done by a few workers amongst whom the most notable ones are Mwdecai 
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(1860), Edinger (1876), Blanchard ( 1882), Krukenberg (1882). Stirling (1884), 
Macallum (1886) , Bonduoy (1897), Greene (1911), Ben Dawes (1930), Chesley 
(1934) and Jacobshagen (1937). In India, so far as 1 am aware, N. B Desai 
of Wilson College, Bombay, was working on the “Enzymes of the pyloric 
caeca of Sca(op/(af/«8 but in spite of writing to him sevei'al times 

we could get no reply, and hence his results, if any, are unknown to us. 

The present work was undertaken when the senior author was working 
on the “Morphology, Histology and Physiology of the Pyloric caeca in Indian 
l'’ishe.s’’ in MS and in the later part of the work the experiments were 
conducted jointly. Further work is in progress on other fishes. 

Besides the re-iults of some workers given, on p. 7, I may also refer 
to the following: — 

Chesley ( /954) working on the “Concentration of enzymes in certain 
marine fishes" has arrived at the conclusion that the pyloric caeca are more 
active in fishes in which the pancreas is diffused and that the caeca seem 
partially to supplant it in enzyme secretion but where the pancreas is well- 
developed the caeca have a minor role. And furthermore, he says that 
lipase is least in quantity in fishes having a fatty metabolism (in so far as 
they store large reserves of fat). 

Pernkopf and Lehner state as follows:— 

(t) The physiological significance of the “appendices pyloricae” is 
uncertain even up to the present day. The opinion of the old anatomists, 
such as Cuvier, Carus and others, is that they act as a kind of gland. 

(it) Krukenberg, Blanchard and Stirling state that different ferments, 
partly pepsin, partly trypsin and also diastase, have been proved to be present 
in the contents of the caeca. According to Blanchard the secretion is 
alkaline, but according to Claude Bernard it is acidic. 

(Hi) Jacobshagen denies the presence of enzymes. 

(ia) According to other more recent authors, viz., Edinger and Meckel, 
the caeca perform only the absorption of the digested food, and hence their 
function is to enhance the absorptive surface of the intestine. 

In the abovementioned latest work Jacobshagen, pertaining to certain 
special problems connected with “appendices pyloricae", states as follows:— 

(a) It has been shown that the “appendices” are bulgings from the 
forepart of the intestine, and that they possess the character 
of that part of the gut. 
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(6) They are a help to the intestine by increasinfir its absorptive 
surface, and that they also act as a food-reservoir. 

(c) The pancreatic- and bile-ducts open very near the origin of the 

caeca, and their juices have been traced inside them. 

(d) The production of any specific ferment which has been advocated 

by Claude Bernard, Krukenberg, Blanchard, Stirling and 
Bonduoy seem to be improbable. 

Material and Methods 

Half a dozen large-sized specimens of Oph^cephuliis stnatus Bl. (Fam. 
Ophicephalidse) were dissected after pithing; the caeca were slit open, their 
inside scraped by means of sharp piece of glass the contents were then ground 
with a little glycerol and sterilized sand in a mortar. It was then centrifuged, 
and the fluid was drained into two lubes marked (A) and (B) in equal 
quantities. Tube (A) was put in a water bath and kept in boiling water 
for 30 minutes to kill all the enzymes and was kept as CONTROL. Tube 
(B) contained the 'lEST substance. Material for the herbivorous fish, 
Osphronemus goramy Lac^p was prepared similarly for experiments and tests. 

For determining the secretory function of the caeca the fishes were 
dissected as before, their stomach, caeca and the intestine were slit open, 
washed m running distilled water so as to get rid of all the contents, and 
then scrapings were taken and material prepared as before. 

(A) TESTS: 

Four small sample tubes marked 1, 2, 2 and 4 were taken. In Nos, 1 
„ ^ ^ and 2 the test substance was placed in equal 

presence of Diastase: parts, and in tubes 3 and 4 the control sub- 
stance of equal quantity was poured. All the 
tubes were kept overnight in an incubator at 40'"C. after adding to each 
tube 3 c.c. of 2% solution of starch (a drop of toluene being also added to 
each of these sample tubes to prevent the growth of mould). Next day the 
contents were tested for diastase by the addition of a few drops of very 
dilute solution of iodine to all the tubes. In 1 and 2 tube blue colour 
developed and quickly vanished, but in 3 and 4 the blue colour appeared and 
persisted, demonstrating that in the test substance diastase was present and 
had changed the starch more or less completely into achroodbxtkin. This 
is called the achromic point, i.e., it gives no colour with iodine, whereas in 
control, the diastase as being one of the available enzymes and having been 
completely killed by boiling, the starch remained unchanged giving the usual 
blue colour with iodine. 
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Fresh substance from (A ) and (B) was poured in two sample tubes and 

starch solution was added to them, and both 
presence of Maltask; were kept at 40 'C. man incubator overnight. 

Next day, a drop each from these tubes was 
put on a filter paper and a drop of Fehling’s solution i No. I and II ) was put 
on both the spots. The spots were then impinged with a jet of steam. 
Control spot showed no change but the test spot assumed brick-red colour. 
This shows the presence of maltaj-E which converts maltose into glucose 
(the first reaction being that starch is reduced to maltase by the action of 
diastase, and then maltose is further converted into sugar, such as glucose, 
by the action of the maltase present). 

Fresh substance, as before, was taken into two sample tubes, then 3 c.c. 

of alkaline emulsion of olive oil was added to 
presence of Liparis both, and the tubes were kept overnight in the 
incubator at 40^C. Addition of a drop of 
methyl red gave no result in the control, but in the test substance a faint 
orange-red ring appeared at the top, showing the action of the LIPASE present 
in converting the oil in emulsion partly into fatty acid. 

Again, a little of the substance from (A) and (B) was taken into two 
(t«) Fibrin-carm.no Oesi for Sample tubes and kept at 40°C. in an incubator 


the detection 
Pepsin. 


of 


(w) Detection of Trypsin 
(after Roaf’s modifi- 
cation) by Congo- Red 
teet: 


overnight. Then, a few chips of fibrin, stained 
with ammoniacal -carmine solution, were put 
in both the tubes and allowed to remain in the incubator for 16 minutes. 
Control showed no change, whereas the test substance turned pink owing 
to the hydrolysis of fibrin by the action of pepsin. 

Congo-Red-stained fibrin was then put in two sample tubes containing 

fluid from (A) and (B) and kept at 40°C. inside 
an incubator. Control showed practically no 
colour, whereas the test substance was stained 
rad as a result of the action of the proteolytic 

enzyme, r.c., TRYPSIN. 

Although bile w*as seen inside the lumen of the pyloric caeca during 

dissections, yet for the sake of confirmation, 
qualitative biochemical test was also applied. 
This is demonstrated by means of the well-known Gmelin’s test. On an opal 
plate a drop of concentrated Nitric acid was put and then a little of the 
semi-fluid substance from the lumen of the caeca was added to it. At the 
point of contact, the spot displayed various colours, such as yellow, green, 


(m) Detection of Bile; 
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blue and violet. The reaction is based on the oxidation of the pi|?nient with 
the formation of coloured derivatives such as, mesobilirnbin, mesobihoerdin 
and mesobilicyatnn. 


A drop of Phenol Red was placed on an opal plate and a little of the 
of fjjo fresh substance taken directly from the lumen 


(int) Determination 

pH of the caecal con 
tents* 


of the caecum of a vivisected fish was very 
quickly added to it. Immediately there was 
development of a yellowish-red colour, and this was matched with that of the 
standard chart for hydrogen-ion concentration The pH in case of Oyhice- 
phalus was 7*2 and in that of Goramy 7*5, and is, therefore, very slightly 
on the alkaline side. 


All the above-mentioned series of biochemical tests were carried out 
and repeated on the contents of the pyloric caeca of another carnivorv»us fish 
of the same family, viz., Ophicephalus punctatus Bi., which gave exactly 
similar results as in the case of 0. atru/tus; and, furthermore, these experi- 
ments were done on the contents of the plyoric caeca of the herbivorous fish, 
Osphronemua Goramy Lacep , also with the same results. 


(B) RESULTS: 

Below are given the results obtained by other workers and side by side 
our own obtained after performing the above tests: 


Krukanberg | 

Stirling 

Blanchard 

Wacallum 

Rahimuliah & Das 

Diastase, Pepsin 
and Trypsin 1 
present and 
absorption of 
the digested 
food 

1 

Different 
functions in 
different fishes; 
absorptive in 
some; and in 
others glandular 
and secreting 
Trypsin in some 
cases. 

Diastase and 
Tryptic Enzymes 
present which 
act in acid or 
alkaline 
medium. 

Lipase, pepsin 
and Trypsin 
present, but no 
Diastase 
Suggests some 
secretory 
functions 
also. 

Diastase, Maltase, 
Lipase, Pepsin, 
Trypsin and Bile 
present, pn 7*5 
(,Ophiceph altts) 

& 7 2 (Goratny), 
and hence very 
slightly alkaline 


From the above results it is quite evident that the* pyloric caeca perform 
digestive function to some extent, supplementing the stomach, but practically 
in all other respects they are very similar in action to that of the intestine, 
in correlation with their resemblance to the latter in histological details. 

Having dJtected the presence of certain enzymes inside the lumen of 
the pyloric caeca, the next question that at once struck us was— whether 
the caeca are secretory at all or not; and if so, which of these enzymes are 
actually secreted by them, and which come from other sources? 
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Material prepared from the stomach, pyloric caeca and the intestine 
was subjected to typical biochemical tests for the presence of the different 
kinds of enzymes, and the results are shown in the table below:— 
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This shows clearly that in Ophioephalm, Lipcyse and Trypsin are secreted 
by the caeca, and other enzymes, viz.. Pepsin by the stomach; Maltese and 
Trypsin by the intestine, and some of these are supplemented by the pancreas; 
while in Goramy, Diastase and Trypsin are secreted by the caeca, and the 
rest come from the stomach, intestine and the pancreas. Here, it may be 
noted that in the herbivorouB fish (Goramy) DIASTAsk is secreted in Place of 
LIPASE (secreted by the caeca of Ophieephalus, a carnivorous fish), because 
the former is vegetarian, and hence requires more of diastase to digest the 
excess of starch food. 

It is also very interesting to note that the location, formation and 
distribution of such digestive enzymes as pepsin and trypsin (which are, as 
a rule, mainly associated with the stomach and pancreas respectively in the 
higher vertebrates) are very variable in different species of fishes, and not 
nearly so strictly localised as in the former group of animals. So far from 
peptic digestion being limited to the stomach, it may take place even in the 
pharynx, stomach and in the intestine of Ammocoetes and in some Elasrao* 
branches Scyllium), and in certain Teleosts, such as the Pike, Eel and 
Carp, the peptic region in these types extending from the stomach up to some 
distance along the intestine, while trypsin is widely distributed in fishes and 
has been obtained from the mucous membrane of the stomach, intestine and 
pyloric caeca as well as the pancreas (C.N.H. Seriee, Fishee, p, 271). 

We are, therefore, led to conclude ttat they serve as accessory 
reservoirs of somi*digestad food and, to some extent, perform the function 
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of digestion also; absorption of digfested food possibly takes place in the 
s&wc w&y Hs in the c&se of the intestiuBt secrotioo of ljpase and Til YPSiN 
takes place in the case of the carnivorous fish, OphicophuluSf and that of 
JLUAS'i^AS/t; and THYFSIN in the herbivorous fish, Goramy. 
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Abstract 

Some fifteen thousand odd earthworms of the Allahabad municipal area, including a 
small tians-Jumna area, obtained in weekly collections during six months and fortnightly 
coUections during the remainder of the year, belong to 19 species of 15 genera m the families 
Ocnerodnhdae^ Megaseolecidae and Lumbricidae. Two Ocnerodrilid species certainly have 
not become well established while P. houUeti, B, albida and the single Lumbricid were 
found only rarely 

Plutellus exilia, Pertonyo) aanatbartcuM, {Thatonia parva and Malabaria were 
found only in soil moistened by waste effluent of human habitations. OoH$rodrilua 
t§n$llulua and Dichogaster bolaui were usually found, and in greatest numbers, in the same 
or similar habitats, as also but with less restriction R oultrifera. P. poathuma was found 
in sandy soil. Saturation of soil with kitchen drainage resulted in replacement of species 
of Eutyphoaus and Ootohaatoidea beatrtx by O. tenaUulua and D, bolaui. 

Those species which are able to continue an active existence in restricted areas during 
the period of drouth are sexual earlier in the year and throughout a much greater portion 
of the year. Those species which disappear at end of the rains have a short sexual season 
of two to three months. 


Introduction 

Much of our knowledge of earthworms, throughout many of the more 
interesting portions of the world, rests on a few small, random collections. 
Accordingly it is important that intensive Surveys, especially of limited areas 
which can be thoroughly studied, be made whenever opportunity arises* 
Exigencies of the war, with the interest and initiative of Mr. I, D. Caleb of 
the Biology Department of this college, have now enabled such an intensive 
study of the earthworms of Allahabad, from which only three species had 
been recorded hitherto :Sutypho€U8 incommodm, Pkeretima houll$ti and 
P, posthuma. The more important taxonomic data are in course of publication 
elsewhere. A summary of other results is presented herewith. 

Two municipal areas in Asia, both probably of a siae similar to that of 
the Allehabad area, have been studied hitherto. Praahad’s report (191d) 
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indicates that the Inhere municipal area baa a pauper fauna of but seven 
species, all of which are immigrants or importation8:~Lawpito mauritii, 
Pheretima diffringene, P. haimyana, P. morriei, P. poathuma, AUolobophora 
mliginoaa and Bimaatoa parvua. 

A report on the earthworms of the Rangoon municipal area (Gates, 1926) 
dealt only with larger species. Later work revealed a number of small species 
from habitats previously neglected. A further report on all the Rangoon 
species, including results of several years work, was lost in manuscript on 
the fall of Burma. As a complete list of Rangoon species has not been 
available hitherto such a list has been included alongrside the Allahabad 
species for comparison. 

Although the Allahabad survey was continued only through a period of 
twelve months, experience gained in Rangoon during a number of years, 
should have enabled greater approximation to completeness, so far as number 
of species is concerned, than was obtained in the early Rangoon report. 

The author’s thanks are extended to Mr. A. Brooks for assistance in an 
attempt to secure information regarding soils and to Mr. Caleb, not only for 
making this work possible, but also for constant help throughout the whole 
period in which it was under way. 

Methods, Definitions, Etc. 

No easy way is known to the author of procuring earthworms in the 
numbers and from the varied areas necessary for a survey of the present 
type, though in peace times chemicals and electricity have some use close to 
sources of water and electrical supply. Accordingly a mahli, who had shown 
ability and willingness to carry out instructions as well as some interest in 
this sort of work, was trained to do the collecting. He was taught to dig up 
the top six to eight inches of soil (in ordinary soils worms were not found 
below that depth), break the clods apart, and then pick up all worms from 
the very smallest size recognizable, as well as cocoons. After a representative 
collection had been secured from a particular spot, similar collections were 
made at other spots that for any reason whatever might indicate promise of 
having a different fauna. In this way collections were made in various 
quarters, from grassed areas, bare ground under trees, cultivated fields, 
gardens, dumps, manure heaps, piles of decaying leaves, roadside ditches, 
banks of drainage ditches, river banks, soils wetted by kitchen drainage, 
mud at bottom of buffalo wallows, other small pools and the lake, algal mats 
at bottom of water storage tanks and from dirt around roots of potted plants. 
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•From the first of July ( 1943) collections were made regularly the first 
day or the first two days of each week and occasionally on additional days 
later in the week. Towards the end of the season, at a time when certain 
species are found crawling around on the surface of the ground early in the 
morning, such worms were picked up in certain areas every morning. After 
November, collections were made only at fortnightly intervals, mainly to avoid 
repetition, or at least too frequent repetition, of digging in a limited number 
of constantly more restricted areas. At the earliest opportunity after 
collection worms were taken to the laboratory and jirc.served Even so 
specimens of one species were almost always in poor condition. 

In this report three stages are recognized. — (1) Clitellate, with clitellum 
full.v dcvelojied or clitellar region indicated by readily recognizable colour or 
other differences. (2) Aclitellate, with porophores, genital markings, seminal 
furrows, copulatory .structures, etc., readily recognizable but with no indica- 
tion of a clitellum. (3) Juvenile, including ail other forms, from the very 
smallest just hatched from cocoons On larger individuals anlage of genital 
markings, porophores, etc., may be recognizable on careful examination with 
the binocular and sites of reproductive apertures may be indicated by minute, 
greyish translucent points or even more definitely pore-like appearances. 
In a few species post-sexual individuals are distinguishable, at lea.st for a time, 
from the pre-sexu;il aclitellate condition but it is not known whether such 
distinction is temporary or permanent and if the former whether regression 
can be continued to a condition indistinguishable from that of the larger 
juveniles. 

The area investigated includes the municipal region of Allahabad between 
the Jumna and Ganges rivers from the confluence to McPherson Park and in 
addition a trans-Jumna belt along the river from the confluence to west of the 
Agricultural Institute and south to the Leper Asylum. The trans- Jumna 
belt is referred to hereinafter as Naini. 

Soils of Allahabad are characterized as “Gangetic alluvium” but further 
information seems to be unavailable, at least locally. One type of soil 
containing certain species that are not found elsewhere, is described by 
Mr. Brooks as follows:— “A loam of darker colour than most Allahabad soils 
with a good deal of well decomposed organic matter, a 'wash-water' odor 
that suggests ditch or drainage area containing the waste effluent of humaq 
habitations, pH of approximately 7,6 not very different from that of many 
soils in tbe Allahabad ares.” 
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The elevation of Allahabad is said to be 309 feet. The average annual 
rainfall is 39.62 inches. Figures for average monthly means of air temperature 
and for average monthly rainfall, from the Indian Year Book, are included 
in the table. 


Allahahad Species 

During the year’s survey well over 15,000 specimens were collected, the 
exact total unknown as large numbers of two species from restricted habitats 
were not counted The worms are referable to nineteen species belonging 
to fifteen genera of three families as listed below. One species is unidentifi- 
able, only immature and abnormal forma having been secured. Another 
species was represented in the collections by one immature individual. 
Obviously these Ocnerodrilids are not important constituents of the Allahabad 
fauna. Included in the list are all but two of the species hitherto recorded 
from the Benares-Lucknow sector of the Indo-Gangetic plains. Of the two 
species, EHt!ii)h(]eus orirntahs apparently is not present in the Allahabad area. 
The other, Glijphidrilus papiUaius, even when present, is often difficult to 
secure, being usually restricted to less easily accessible portions of muddy 
bottoms of lakes and ponds. Ihe only Indian record is Lucknow to which 
the species may have been transported from its presumed home in Burma. 



List of Species 



From Allahabad. 

From Rangoon. 

OCNERODRILIDS 

Thatonia 

paroa 


Malabaria 

sp. 


Eukerria 


peguana 

Gordiodrilus 


peguanus 

Ocnerodrilus 


occidentalis 


tenelluluB 

tenellulua 

MONILIGASTRIDS 

Drawida 


gracili* 

longatria 

nana 

peguana 

rangoonenm 

jrara 
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MEGASCOLECIDi® 

Plutellus 

exilia 

patidua 

Perionyx 

aanaibaricua 

excavatua 

Ramiella 

eultrifera 

nainiana 

eultrifera 

Eutypheeus 

ineommodua 

nicholaoni 

waltoni 

fovea tua 

peguanua 

raruH 

Bahlia 

aUnda 


Octochaetoides 

beatrix 

aurenaia 

Pelloga$ter 

iaabeUae 


’ Lennogaster 

puaUlm 

chittagongemia 

Dichogaater 

bolaui 

holaui 

modiglianii 

Notoacolex 


pumila 

Lampito 

mauritii 

mauritii 

Pheretima 


alexandri 

anomala 

bidneta 

campanulata 

elongata 


houllati 

houlleti 



humilia 

peguana 

pianola 


poaikuma 

poathuma 

GLOSSOSCOLECID^E 

Glypkidrilua 


papillatm 

ap. 

Pontoacolex 


corethrurua 

lumbricid;e 

Bimatiot 
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Several species, T. parva, Malabaria ap., P. exilts, P. aaneiharicus, B. 
albida, P. houlleti and B. parous, have been found only in the Allahabad 
portion of the area investigated. P. houlleti has been found mostly in flower 
pots which were not investigated on the Naini side, an occasional individual 
only being found along with species of Eutyphoeue. B. albida has only been 
secured in very limited numbers, one or two specimens at a time, along with 
species of Eutyphoeus. Further laborious digging, around or near the spots 
where the first individuals were secured, always failed to yield additional 
material. As the number of earthworms collected on the Naini side is roughly 
equivalent to that from the other side, some at least, might have been ex- 
pected from Naini, if the species is present there Although P. aanaibartcus 
has been collected from several quarters of Allahabad it was never found in 
Naini, in spite of a number of very careful searches. 

R. nainiana is found very rarely in the Allahabad section and then only 
in small numbers, almost all of the specimens of this species having been 
secured on the Naini side. L. puaillm has been found in Allahabad only in 
flower pota, while P. isabellae has not been found in Allahabad at all. 

Habitats 

Most distinctive, so far as its earthworms are concerned, is the soil of 
the drainage ditches which has been characterized above. Such soil may be 
called the sansibaricus habitat as that species has not been found elsewhere. 
P. exilis, T. parva and Malabaria sp., also have not been found elsewhere but 
have been secured only from certain drains in the Daraganj quarter. March, 
August and one of the January specimens of B. parvus were also secured 
from the same Daraganj drains. In the sansibariew habitat there have also 
been found regularly and in considerable numbers the following species : 0. 
tenellulus, R, eultrifera and D. bolawi. Of these the last-named has only 
rarely been found elsewhere. Other species have been found elsewhere, as 
indicated below, usually in habitats where the percentage of organic matter 
is higher than in ordinary soil. Very rarely an isolated specimen or two of 
0. tenellulus has been found in ordinary soil along with R. nainiana, P. 
isabellae, or species of Eutyphoeue, More frequently R. eultrifera has been 
found with the species just mentioned, and especially along with R. nainiana 
and P. isabellae. 

P. posthuma was nearly always obtainable in two widely separated 
localities, one in Naini, the other near McPherson Park in Allahabad. These 
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are near the Jumna and the Ganges Rivers and the soil obviously contains a 
much higher percentage of sand than usual. Material secured from these 
two sources, in July and October at least, is not included in the table, the few 
specimens listed for Septeraber-October having been secured from another 
spot, some distance from either of the rivers where the soil is at least some- 
what more sandy than usual. With the drying up of the ground at close of 
the rainy season the sources from which material can be secured approximate 
more and more to the aanstbaricus and poathuma habitats. 

Other habitats and their faunae are shown below. 

Municipal dump. Leader Street : (>. tenellulus; R. cultrtfera 

Manure heap. Ewing College ; (October) E. nicholaom, 0*0-12 ; E. 
waltont, 0-0-16; L. tnauritii, 46*18-3 ; P. poathutna, 0-0*1. 

The history of this heap is unknown. Specimens of the two species of 
Eutyphoeua obtained here were much larger than from any other locality. 

Flower pots : E waltoni ; E. nicholaom ; O- beatrtx ; L. puaiilua ; L. 
mauritii ; P. houUeti. 

These pots were resting directly on the ground from which there was 
access to the interior of the pots through bottom holes. Included here are 
moat of the larger pots. Pots isolated from the ground by bricks or stones, 
or resting on masonry work, verandahs, etc., and at a distance of two to 
eight feet from the ground, usually of smaller size, contained the species 
listed below. 

Flowerpots, (Smaller and isolated from the ground): L puaiilua; D. 
holaui ; P. houlleti ; B. parvua. 

Algal mats at bottom of water tank, O. tenallulua. 

Bath tub in college house, D. bolaui. 

The tub is a built-in, concrete structure from the bottom of which, near 
one end, a pipe runs to the outside, projecting about six inches from the wall 
and about a foot above the ground, and from which the water falls into an 
open concrete drain. Ordinarily the tub is kept full of water, but if after 
being emptied, the tub is not redlled, the worms appeared (July to Septem* 

In a bundle of ‘ ' pan ” leaves (Piper belle) purchased in the bazaar there 
was found an aclitellate specimen of D. bolaut. 
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Changre in character of soil may result in change of earthworm fauna. 
A fortunate opportunity to check on one such change was accidentally provided 
by the plugging of an underground drain from a kitchen. The plugged drain 
was replaced by a surface drain which allowed water from the kitchen sink 
to run on to soil which in the previous year had contained only species of 
Eutyphoeus and an occasional specimen of O. beatrir and L mauritii. After 
some months the soil moistened by the kitchen drainage was dug up. Only 
0. tenellulua and D. bolaui were found. Glitellate specimens of the latter are 
much larger than any previously seen by the author. 

Seasonal Occurrence 

Allahabad is in monsoon country and is commonly said to have three 
seasons: (1) a rainy season (June or July to September or October), the dry 
portion of the year divided according to temperature into (2) cold and (3) hot 
seasons The new year for earthworms in Allahabad accordingly begins in 
July, when the monsoon rainfall has sufficiently moistened the soil to enable 
normal activity near the surface. The appearance of the worms is not as 
dramatic as has been noted in certain parts of Burma but more gradual. 

In October-November the worms begin to disappear. From the middle 
of November and during December a few individuals could still be collected 
in isolated spots that had been well shaded or protected by various accidents 
from the effects of the drouth. After the drat of January collecting had to 
be restricted to banks of drainage ditches, small spots kept moist by kitchen 
drainage, seepage or leakage from taps, pipes, etc. In May earthworms 
could still be obtained from banks of drainage ditches in the Daraganj quarter 
and in a small area near the outlet of McPherson Lake kept moist by seepage 
from the lake. From both of these localities worms had completely dis* 
appeared early in June, the only specimens collected during that month being 
found between joints of a pipe, under water, near the opening into one of the 
Daraganj ditches. The same results were obtained in June of the previous 
year (1943). No attempt was made in June to secure worms from dower pots 
or from any gardens that might have been fairly well watered. 


Reference to the table will show that the time of disappearance is not 
uniform but varies according to the species. Thus H. nainiana, P. itabellae, 
L. puaiUua and B. albida (with one exception noted below) were not found 
after the drst of November. The three species of Eutyphoeua were obtain* 
able throughout October and November but with constantly increasing 
did9iculty and (except for isolated individuals) were not found after the drst 


week of peceniber< 
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Table 


Species. 

July 

Aulfust 

Saptember. 

October. 

November 

T, purva 

... 


(1-1-0 

... 

... 

Malabaria ap. 

... 

... 

90-12-0 

... 

... 

0. tenallulua 


100-4 

0-47-247 

0 0-56 

0-0-22 

P. exiliB. 

0-3-0 

... 

89-0-0 

... 

47-29-7 

P. sansibancus 

+ 

4* 

-h 


+ 

H cultrifara 

0-1-111 

16-305-265 

1-313-17 

0-6-U 

117-0 

K nainiana. 

UU-H7-0 

1009-381-320 

60-176-603 

0-2-412 

0-1-17V 

K incommoduB 

131-18-7 

160-202-93 

42-48-278 

0 1-18 

0-0-11 

E nicholsoni 

18-0-0 

7-184-34 

12-13-161 

0-0-157 

0-0-46 

K. waltoni 

262-0-0 

470-716-110 

0-14-463 

0-0-303 

0-0-36 

B. albida 

5-1-0 

30-4-5 

28-2-2 

1-0-0 

... 

0. beatrix 

8-0-0 

5-12-19 

0-1-14 

0 1-2 

1 0-0-5 

P, iBabellaa 

20-10-0 

200-201-26 

22-10-4 

0-4-0 

... 

L. pUBillUB 

0-0-8 

0-23-131 

0.1-70 

0-0-2 

> 

D. bolaui 

0-0-7 ' 

0-3-24 

37-27-158 

125-178 

14-6-10 

L. mauritii 

4-'+-13 

116-18-65 

66-61-39 

80-79-2 

60-28-11 

P, houlleti 

0-5-5 

0-0-1 

• 

0-0-14 

... 

P. poathuma 

+ 

+ 

0-0-2 

0-0-1 

2-6-43 

B. parvuB 

•• 

1-0-1 

... 



Kainfall 

12 24 

10.88 

6.32 

2.40 

0.25 

'I'empernture 

84.6 

83.2 

83 

77.6 

67 6 


'J'h« first til sach set of Agures indicates number of juvenile, the second aclttellate, and 
the third clitellate stiecimena. When there are only two Agurea, the Arst includes both 
Juvenile and aclitel late specimens, 

Uenks of the drainage ditch from which the apecimens of T. parva and Af, »p., were 
secured were flooded during parts of- Julp bsmI Aag*uet and later were bricked oyer, A nma- 
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Table 


Udueinber. 

January. 

February. 

March. 

April. 

May. 

June. 

0 ^ 210-192 

0-0-4 

0-16-9 

0 - 0-46 

0 - 2 - 1.80 

0-0*7 

U-3-3fc 

42 

0-7-37 

0 - 16-2 

0-0-1 

0 - 60-1 

*• 

... 


+ 



+ 

+ 



•• 

18-17-0 



0-5-41 


0 - 0- 18 


0 - 0-1 



1 - 0-2 



... 


... 


1 - 0-0 

... 


, 

... 

. 

1 - 0-0 

• 

... 



.. 


2-0-0 

... 

... 

u u -2 


a-o-o 

.. 

4-0-0 

3-0 1 

1 

. 4 - 4 «- 6 (> 

5 U - 28-20 

7 (^ 40-38 

4 - 0-41 

1 

1 

r >- 4-82 

0 - 1-7 

... 


... 

1-0-0 

... 

•• 

... 

... 

&- 6-45 

+ 

0 - 0-13 

+ 

+ 

9 - 0-13 

\ 

i 


U-1 ti 

... 

0-0-2 


1 

1 

0.2S 


0.48 

0.38 

0.14 

029 

5,09 

e».8 

59.5 

64a9 

76.8 

87,6 

92.5 

90.8 


bar of oaraftil starohn for ttMM two apooios In Morby locoHtioo woro all failuroo. (Pro- 
Kraal of clTlIlaation varaua advanca of aeiancal) 

With ou axoaptian July apaoliaaiMi of P, boMltat* vrara from pata a# trara all Oetoba? 
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L. mauritii was not found after the end of February. Although R. 
cultrifera and 0. beatrix were not secured in two more months, their collection 
in May presumably indicates that more extensive search would have found 
them in the other months. P exilU was not found after April (absence of 
records in early portions of the season due to flooding) Ry the middle of 
May only 0. tenellulus, P. aansibaricua, P. posthuma, and D. bolaui were 
obtainable and by the middle of June the only species that could be found, in 
drain-pipe joints under water, were 0- tenellulus and P aansibaricus. 

Notes on life history 

Early even in July, 0 tene'lulus, P. aanaibaricus, R. cultrifera, D. bolaui, 
L. mauritii, P. houlleti and P posthuma were found not only in clitellate but 
in fully sexual condition. This is shown by brilliant spermatozoa! iridescence 
on the male funnels (O tenellulus) and also (other species) in the spermathe- 
cal diverticula, the latter indicating that copulation had taken place. Of these 
species 0. tenellulus, P. sansiharicus, R. cultrifera and D. bolaui have been 
found in sexual condition as late as the first week of May. O. beatrix and L. 
mauritii have been found in sexual condition in December, P. houlleti in January 
(1943), B. parvus in March, P. exilis in the period from November to April. 
Failure to find sexual, or even clitellate specimens of P exifis during the rainy 
season months probably is of no special significance. Localities from which 
the clitellate specimens were later secured were flooded at times of collecting 
during rainy season months. ^ 

There is no intention to suggest that any particular individual is or remains 
sexual throughout all of the period in which sexual forms have been found. 
In fact all of the little evidence available indicates the contrary. Obviously 
postsexual aclitellate individuals of L. mauritii were found in October-Decem- 
ber, and of P. sansibaricus throughout the period from August to May. 
Possibly postsexual aclitellate specimens of D bolaui have been found from 
September to May. Several specimens of E. incommoius collected early in 
July have a marked brownish discoloration of clitellar segments though the 
epidermis of those segments is certainly no thicker than elsewhere. Genital 
markings are barely recognizable and at most demarcation between central 
area and rim is only faintly indicated. These specimens would appear to be 
survivors from the previous year in which the genital markings, as well as the 
clitellum. have regressed but not so completely as to be unrecognizable. 

Other species do not become sexual as early in the season. A few 
clitellate specimens of E. ineommoctus were secured in the last week of July 
but sexual specimens were not obtained until tjhe first week of August. Not 
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until August 9 were there recognizable first indications of development of a 
elitellum in E. waltoni, R n'liniana and P. isabellae, but fuliy clitellate and 
sexual specimens of these three species were not obtained until August 16. 
The first clitellate specimen of E. nicholsoni was found August 26 as was the 
first clitellute specimen of B. albida. A sexual specimen of the latter species 
had however been secured two weeks previously at Mirzapur. As the season 
progresses the percentages of juvenile and aclitellate specimens drop to or 
almost to zero. Copulation continued in two species, ntcAofsont and waltoni, 
into November. In the latter month some of the specimens brought into the 
laboratory were actually copulating in the middle of a clump of mixed species 
of earthworms in the collector’s pail. Such copulating pairs could be handled 
fairly roughly without inducing separation. 

Cocoons of most species have not been found, nor have just hatched 
juveniles of any species of Eutyphoeus been secured. Cocoons of two species, 
P. posthuma and P. sansibaricm, have been collected. These have been found 
in soil up to the first week of March but cocoons of sanvUtartcus have been 
deposited in the laboratory as late as Search 28. 

As the soil begins to dry out at the close of the rainy season in October* 
November (September in 1944), clitellate specimens of E. nickolsoniand waltoni 
are found early in the morning wandering about aimlessly until they are dried 
up by the heat of the sun. The numbers of these two species found in limited 
localities are such as to indicate that considerable percentages of adult popula- 
tions are lost in this manner. Other species have not been found in this way, 
though after a very heavy rain an occasional specimen of E. incommodtcst as 
well as of the other two species of Eutyphoeue, has been found wandering 
about near standing water. 

Sooner or later, according to species and condition of the soil, earth- 
worms disappear from the upper layer of the soil in which they have 
hitherto been found. Where they go and what may be the conditions 
of their existence during the remainder of the year, a period of two to seven 
months, is unknown. At present it seems reasonable to assume that such 
adults as survive go deeper into the ground where they presumably enter a 
period of considerably reduced metabolic activity. As this period coincides, 
for some species, with both cold and hot seasons, neither “hibernation” nor 
“aestivation” seems to be applicable. An adequate term would have to 
indicate correlation of periods of activity and inactivity with rainy and dry 
seasons. 



56 B, Gate$: The «artku>orin» «f Allahabad 

In some few cases at least, the period of inactivity may be spent in the 
same upper layer of soil in which the worm is active during the rainy season. 
Late in April a small plot of ground was dug up to a depth of eight inches. This 
plot was within an area which had contained during the rains three species 
of EutyphoeuB and an occasional specimen of O. beatrix. None of these were 
found in the April digging but on carefully breaking apart the clods, two 
quiescent juvenile specimens of B. aibida were found. Elach was coiled up 
in a small, closed chamber one to three inches below the surface. Although 
major blood vessels were visible through the body wall and obviously red there 
was no recognizable indication of circulation of blood. The worms, though 
exposed to the mid-day heat and even direct rays of the sun remained motion- 
less. When dropped into water each worm at once uncoiled but after several 
convulsive movements again became motionless. 
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ON THE OCCURRENCE OF NEOTIELLA CATHARINAEA 
MCLENNAN AND HALSEY 

( With one plate) 

By S. N. Das Gupta and T. S. Sadasivan 
Department op Botany, Luoknow Univbrrity, Lucknow 

(R«c«lY*d 2 Nov*iiib*r 1944) 

Abstract 

a pezizRceouB fungus, occurring in the axils of the leaves of Cathannaea MulUri 
Hamp. et C. MUll., has been collected from the western and eastern Himalayas at altitudes of 
7,500 and 4,000 ft. respectively. It has been found to be identical with Neoftcl/a Catharinaea 
McLennan and Halsey collected by them from Kallista and Ferntree Gully, Victoria 
(Australia). Some observations on the distribution and the habit of the fungus have also 
been included. 

A pezizaceous funsfua Neotiella Catharinaea McLennan and Halsey, 
occurring in the axils of the leaves of the moss Cathannaea Mitlleri Hamp. 
et C. Mhll, was collected by the senior author near Khati at an altitude of about 
7,600 ft. in the Western Himalayas during a botanical trip to Pindari glaciers 
in October 19S6. Subsequent collections of the fungus were made beyond 
Munsyari (eastern side of Western Himalayas) at almost the same height on 
way to Milam glaciers in October 1987, and at Mungpoo (Darjeeling, Eastern 
Himalayas) in 1988 at an altitude of 4,000 ft. 

The characteristics of Neotiella Catharinaea collected from these places 
are identical with those of the type species described by McLennan and 
I'ialsey (1986, p. 67). Preserved s pecimens of TVeofte/lo Catharinaea which 
were kindly sent to us by Dr. E. McLennan from Melbourne were also com* 
pared with our specimen and was found to agree in all respects except that 
the external clothing of hair is denser in the specimen sent to us. The 
moss was identified as Catharinaea MuUeri Hamp et C. Mull- from an 
authentic specimen kindly supplied by Or- S K. Pande from his collection and 
the capsule of the moss sent by Dr. McLennan. The apothecia grow in the 
axils of the moss Catharinaea MuUeri (PI. 1, figs. 1 and 2) and sometimes on 
its base attached to the rhizoids. They are orange in colour usually solitary 
and laterally attached; sometimes two apothecia may be terminally attached 
(PI. 1, fig 6). 

The fungus is anchored to the moss plant by means of thick-walled 
septate hairs gradually tapering, branched or unbranched and varying in 
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diameter at the tips (PI. 1, fig. 6), which clothe the entire outer surface of the 
fungus together with a little amount of soil and humus, and kept in position by 
means of adpressed leaves. Examination of teased and microtome preparations 
failed to reveal any special device for attachment. 

In order to find out if Neotiella Catharinaea occurs on any other moss 
plant a thorough search was made in the neighbouring areas, but the fungus 
was not found on any other species. One apothecium was found attached to a 
protonema apparently of Catharinaea Mullen and a few others on the soil in 
the midst of younger plants of the species, but it is doubtful if these were 
directly growing on the soil. In two specimens the apothecium while mainly 
attached to the axils of moss leaves showed partial attachment to a leafy 
Jungermanniales in one case and to Targionia hypoghylln in the other 

McLennan and Halsey (1936) collected Neotiella Ca'harinaea from 
Kallista and Ferntree Gully, Victoria (Australia). The Gully is situated 
some 24 miles from Melbourne in a range of low mountains called Dandenong 
Ranges with an elevation of 1,600 ft. Our collections from near Khati (Pindari 
route) and from beyond Munsyari (Milam route) and Mungpoo (Darjeeling) 
indicate that in the Western Himalayas the fungus is distributed at an altitude 
of over 7,000 ft. and in the Eastern Himalayas at an altitude of about 4,000 ft. 
The occurrence of the same fungus on the identical moss plant in two com- 
pletely isolated regions, the Himalayan Range in India and the Dandenong 
Ranges in Australia separated by high seas is interesting from the point of 
view of distribution of the species. It would be interesting to find out If 
Neotiella Caihatinaea is also distributed further east in Assam Himalayas and 
in the hill ranges of Malaya and Pacific islands 

Neotiella Catharinaea was exclusively found on Catharinaea Muileri. 
There were other species of moss directly adjoining the area occupied by 
Catharinaea Muileri which are able to afford equally good harbour for the 
Neotiella spores, but none of these had Neotiella growing on them. The host 
range of the fungus is thus strictly limited to a single species of moss which 
is suggestive of a definite relationship existing between the two. Attempts 
to find out the true nature of the relationship by examining microtome sections 
of the entire moss plant with the attached fungus failed to reveal any internal 
hypha nor were there any modifications of the external hyphae to derive 
nourishment from the host. The fungus apparently resides epiphytically on 
the moss and is not an ectoparasite like Neotiella Crozaleiana Grelet. on 
Plagiochila aeplenioidea (L.) Dum. , described by Corner (1929). It derives 
itii nourishment from the organic matter present in the soil with which it is 
associated in the axils of moss leaves, 
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In a few cases the hyphae were found to be flrmTy adpressed on ^the 
moss leaves along: the midrib. It was found, however, as already indicated, 
that the contact is superficial and the hyphae do not penetrate the cells neither 
do they form haustoria. Nevertheless, it is not unlikely that the fungus in 
such cases derives apart of its nourishment from the conducting channel by 
means of osmosis; the high osmotic pressure possessed by the fungal cells 
being well known. 

Our thanks are due to Dr. E. McLennan, for very kindly sending us 
specimens of Neotiella Catharinaea and Cipsules of Cathannaea MuUeri 
Hamp, et C. Mull which were of great help for comparing with our material 
and also for her confirmation of our identification. We also t* ank Dr. S. K. 
Pande for helping us in the identification of the moss. 
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Explanation of Plate 

Figs 1-5. Camera lucida sketches of Neotiella Catharinaea McLennan and Halsey on 
Catharinaea MutUri Hamp. et C. Mull. 

1. Showing position of apothecium in the axil of leaf of moss. 

2 L S. entire moss with the fungus attached; the adpressed leaves serve to keep 
the fungus in position x 21. 

3. Abcuh with 8 ascoapores. x 680. 

4. Paraphysis x 680. 

5. Hairs which serve to anchor the fungus, x 680. 

Figs 6-10, Photographs of NeotteHa Catftartnata McLennan and Halsey on Catharinaea 
MulUri Hamp. et C Mdil. 

6. Two terminal apothecia of Neotiella Catharinaea on the moss Catharinaea 

Mullen with the capsule, x 8*5. 

7. The same as above (natural siae). 

H. Another specimen of iVeotteita Catliartnaea on Catharinaea Muiieri showing 
lateral attachment of apothecium (natural liea). 

8. Same as above magnified x 8*5. 

10. Showing laierally attached apothecium of Neotiella Catharinaea lying in a 
rosette of leaves of moas. x5. 
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Abstract 

Some fossil ferns collected by Mr. E. E. Gee of the Geological Survey of India, 
Calcutta, from two localities in the Upper Gondwana beds of the Salt Range are described. 
Most of the epectmens are preserved in the form of '^compressions*'. Some of them are 
fertile and beautifully preserved; they have yielded excellent transfer preparations showing 
the structure of the sporangia and the spores. The genus Phleboptaria is recorded for the 
first time from the Indian strata with two new species, P. htrauta and P, tndtoa, A few 
sterile specimens have been provisionally assigned to the form-genus Ctadophlabxa: then^ 
also may be fragments of PMabopteria leaves but in the sterile condition their exact 
affinities must remain an open question. 

The evidence of the fossils tends to confirm the Jurassic age of the strata. 

Introduction 

The material here described was collected by Mr. E. R. Gee of the 
UeoloKical Survey of India and was sent to one of us for description by the 
Director of the Survey to whom we wish to offer our sincere thanks. 
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The specimens are mostly in the form of compressions and have in some 
cases yielded excellent transfer preparations and spores. 

The fossils come from a horizon "near the top of the Jurassic sequence 
as represented around Sakesar." They were collected from two localities 
which, with the names of the species obtained from each, are given below. 

Locality A. "Tributary 600 Yds. E. of pt. 3d20 about miles, N.E. 
of Sakesar, Salt Range, Punjab (Sheet 38 P/14)-’’ Phlebopteris hireuta 
sp. nov., Phlebopteris indtca sp. nov., Cladophlebis {? Phlebopteris) sp. A , 
Cladffphlebis (^.Phlebopteris) sp. B 

Locality B. "In Nala N.E. of Sakesar, Salt Range, Punjab (Sheet 
38 P/14).’’ Phlebopteris indica sp. nov., Cladophlebis Phlebopteris) sp. C. 

Our knowledge of the Upper Gondwana flora of the Salt Range is 
extremely meagre The genus Phlebopteris is now recorded for the flrst 
time from India. 

Previous Records of Jurassic Plants from this Area 

The only fossil plants from the Jurassic beds of the Salt Range of which 
we have any knowledge are few and badly preserved. 

In 1880 0 Feistmantel (pp. 64-66), in a brief note without figures, 
mentioned a few plant fragments collected by A. B. Wynne at Shekh Budin. 
These were preserved ‘in a fine, slightly micaceous shale, of a light 
purplish -grey colour’. The only forms recognisable with any certainty were 
referred to Ptilophyllum (?) aoutifoliumMon.uxid Podoxamiteslanceolatus 
var. eichwaldi Heer. Feistmantel added that although this was very 
unsatisfactory palaeontological evidence, it indicated tnat the plant-bearing 
beds at Shekh Bodin 'would have to be considered as representatives of the 
Gondwanas in the Upper Punjab in association with marine beds— a ease 
like that in Kach and on the south-east coast of India’. 

Among the old collections at the British Museum one of us (B.S.) 
examined in 1980 some fragmentary leaf impressions registered as 
V. 20196-7 and labelled * Peoopteris’ . The locality was given as ‘Mooaakhel 
(Jurassic)’. These would appear to be the same fossils as the ones referred 
to by Waagen in a note on the Attock slates (1879, Vol 12, p. 184), where 
he says that they belonged to a collection of the Geological Society of 
London. We know from Mr. W. N. Edwards, now Keeper of Geology at 
the British Museum, that the Geological Society’s collections were later 
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transferred to that museum. Our thanks are due to Mr. Edwards for 
permission to examine these fossils. 

Description 

Amone Mr. Gee’s specimens we have provisionally been able to recognise 
five distinct forms, two of which are fertile and the rest sterile. These are: — 

Fertile Specimens 
Phlebopteria hireuta sp. nov. 

Locality A — Nos. K36/98, K36/124, K36/133 (aounterparts). (Pis. 1-2.) 
Phlebopteria indica sp. nov. 

Locality A— Nos. K36/243, K35/392. (PI. 4. figs. 22-24; PI. 6, figs. 26-26.) 
Locality B— Nos. K36/632, K35/537 (counterparts), K36/491. (PI. 3; 11 4. 
figs. 18-21.) 

Sterile Specimens 

Cladophlebie (? Phlebopteris) sp. A. 

Locality A— Nos. K36/111, K35/376. (PI. 6, figs. ^7-30.) 

Cladophlebie (Phlebopteria) sp B. 

Locality A-No. K36/368. (PI. 6, figs. 33-34 ) 

Cladovhlebia (? Phlebopteria) sp. C. 

Locality B-No. K36/664. (PI. 6, figs. 35-36.) 

The locality and number of one specimen (Pi. 6. fig. 37) cannot 
be ascertained. 

Gmaa J^hlebopteria (Brongn.) Hirmer and Hoermammer emend. 

We have assigned to two new species of Phlebopteria Brongn. some 
well preserved specimens shown in Pis. 1-5. Although these small fragments 
convey no idea of the habit of tbe frond, the form of the pinnules combined 
with the soral characters sufiieea to show their affinity with the Matoniaceae. 

Until recently such specimens were freely referred to the old and familiar 
genus l/iLooop^ia of PresI (see Sternberg, 1838, p.ll6). But in a monograph 
of the fossil and recent Matoniaceae, published in 1936, Hirmer and Hoer* 
hammer (pp.8^7) have given reasons against the employment of this generic 
name for fossil Matoniaoeous leaves. After a careful examination of the type 
specimen labelled ‘LaeoopUria eUgana' Presl, which is preserved at Munich, 
these authors conclude that the specimen is too badly preserved, and probably 
was always too badly preserved, to give any idea of its real affinities. In fact 
thejr are in^iqed tc reipove it altogether from the list of type specimep^ 
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In any case it ia obvious that this old specimen cannot possibly have 
belonged to a Matoniaceous fern. In the photographs of the fossil published 
by Hirmer and Hoerhammer (1936, dgs. 1, la. p.4) the pinnule is seen attached 
to the rachis by a distinct stalk This fact alone would seem to rule out any 
close affinity with the genus Matonia in which the pinnules are always 
attached by the full width of the base. The venation cannot be made out 
in Presl's type specimen, and if Presl’s sketch for the veins, reproduced in 
Hirmer and Hoerhammer's text-fig.l(2, 2a) is correct, the fossil cannot be 
referred to the Matoniaceae. Nor are the sori at all clearly preserved and, 
as the German authors say, even Presl’s own figure of the sorus seems to recall 
the sorus of a Marattiaceous fern like Kaulfussia rather than that of 
Matonia. 

For these reasons we agree that the name Laccopteris, although so 
familiar and established by long usage, cannot correctly be used for describing 
fossil leaves of known Matoniaceous affinity. 

For fossil Matoniaceous leaves Hirmer and Hoerhammer have revived the 
genus Phlebopteris of Brongniart (1828). It is true that not all species referred 
to this genus by Brongniart belong to this family: the genus as first used by 
the French author was an artificial group including more than one family of 
ferns. But, as Hirmer and Hoerhammer point out, the first specimen described 
under it, namely, Phlebopteris polupodioidesBtongn. (1828, PI, 83, figs. 1, la), 
was an undoubted member of the Matoniaceae. This is evident from the 
characteristic venation of the pinnules, which show a series of larger areoles 
on either side of the median vein and are attached to the winged rachis by the 
full width of the base. The genus Phlebopteris may, therefore, be accepted 
as the type genus of this family of ferns, and Phlebopteris polypodioides 
Brongn. as the type species of the genus. 

Both our new species recall in general characters Phlebopteris muensteri 
Schenk sp. but differ in several well marked features. 

t Phlebopteris hirsuta sp. nov. 

(Pis. 1 and 2) 

Diagnosis :— of frond unknown. Pinnules falcate, ca. S^IO mm. 
long, attached directly to the rachis by a slightly expanded bass about t mm. 
wids. Midrib prominent, margins strongly rolled back, partially covering the 
eor%j veins not visible on the surface ( ? deeply embedded). Rachis and pinnules 
bsarstif brown multi-cellular hairs. Sori circular, about a dozen on either 
side of the midrib of each pinnule; the basal sori larger with about 8 annulate 
sporangia, the distal smaller with fewer sporangia. Spores smooth, $0a to 80p 
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from one apex of the tetrahedron to the opposite base, wall thick {8u to 10i» at 
the corners, 2p to 6n at other places). 

Type specimen at the Geologrical Survey of India, Calcutta, in three 
pieces (K35/98, K35/124, and K35/133) which are counterparts of one 
specimen. 

The Salt Range specimen comes nearest to Phlebopteris muensteri Schenk 
sp., but is undoubtedly a distinct and new species. 

Although our material is scanty and no description of the habit can be 
given, the specimen is fertile and well preserved. Figs 1 and 2 show the 
twe counterparts of a pinnate fragment which evidently represents the distal 
part of a ray where the pinnules are always shorter, more closely set, and more 
inclined to be faleate. In the figured specimens of P. muensteri the apical 
parts of the ray are not shown, so that a fair comparison is not possible. But 
even after allowing for this fact the two species appear quite distinct. The moat 
striking point of difference from P. muensteri and, in fact, from all known 
species of the genus Us figured in Hirmcr and Hoerhammer’s monograph) 
lies in the form of the pinnules. In most species the pinnules are long and 
strap-shaped, with parallel sides, and bear two parallel series of equal-sized 
sori. In the Salt Range species (fig.3) the pinnules are more tapering and 
the broader basal part bears larger sori (each with 8 or 9 sporangia) than the 
narrower distal regions. The result is that the two rows of sori like the 
margins of the pinnule, are not parallel but converge towards the tip of each 
pinnule. 

Other features of the species are the prominent midrib (figs. 3, 4) , 
the strongly reflexed margins of the lamina (marked M) which partially 
conceal the sori, somewhat like the linear indusium of a Pterta; and the 
coarse brown multicellular hairs (fig. 5), usually pointed backwards, on the 
rachis as well as on the pinnnles. 

On either side of the rachis there are (in a few places only) traces of a 
narrow web connecting the expanded bases of adjacent pinnules, but as a 
rule the rachis is not winged. 

The venation cannot be made out: it appears that the veins were deeply 
embedded. All attempts to show up the veins in cuticular preparations have 
failed. 

A carbonised crust is present, but maceration with Schulze’s mixture, 
even with dilute acid, or with the much milder treatment with weak hydro- 
chloric acid and no alkali (recently followed by Harris, 1940, p. 713) left 
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behind no trace of the cuticle. In Eau de Javel the fragrments of Croat turned 
brown but after washing no trace of the cuticle was left. Owing to their 
delicate nature, fern cuticles are known to be difficult objects for showing up 
by maceration. Schulze’s mixture, however, gave good results with the 
sporangia and spores. It has not been possible to make any preparation of 
the sporangium wall which shows the cell structure well, but the spores have 
been obtained in a large number and in an excellent state of preservation. 

The sori are circular (hgs. 4 and 6) with a well formed depression in the 
centre, showing that the plant is a true Phlebopteris (old Laecopteria) and not 
a Mator'idium (ct, diagrams in Hirmer and Hoerhammer, text-fig. 6, p. 45). 
The annuli are rather regularly arranged, giving a symmetrical appearance to 
the entire sorus. 

The entire contents of a sporangium were taken out intact in the spore 
mass shown in fig. 7. The photograph shows a part of the sporangium wall 
(w) still attached to the spores. 

The spores are tetrahedral and smooth, as in all known ' Matoniaceae, 
living and fossil (figs. 7-9). Those of Matonia peetinata and Phlebopteris 
(formerly Laecopteria) muensteri were figured by Zeiller in 1885 (p. 24, 
figs, i and m); those of Phlebopteris muensteri by Hirmer and Hoerhammer 
(1986, PI,, 5, figs. 5a, 5b). In 1926 Harris (p. 63, fig. 6d) figured the spores 
of Phlebopteris (Laecopteria) groenlandtca Harr, a form which Hirmer and 
Hoerhammer have incorpated in P. muensteri; and in 1921 those of Phlebop- 
teris anguaWoha (Presl) (Harris, 1931, PI. 14, fig, 6). 

The spores of the Indian species are distinct from all these in having 
a wall as thick as 2 m to 6 m with special thickenings (8 m*-10m) at the four 
corners. The triradiate dehiscence slit is, as usual, very clearly seen (fig. 9). 
In size the great majority of our spores are comparable with those of 
Matonia peetinata (fig. 10) viz., 50m— 60m from one angle of the tetrahedron 
to the middle of the opposite base. Some other spores, taken from sporangia 
on the same fossil leaf, are slightly smaller (about 40m) and have thinner 
walls, without any corner thickenings ifig, 11). These appear to be immature 
spores. 

Phlebopteris indica sp. nov. 

(PI. 3; PI. 4; PI. 6, figs. 26-26) 

Diagnosis — Habit unknown, Pinnules falcate, ea. 5-8 mm. long, attcuOied 
to the raohia by an unexpanded base well under 2 mm. wide; apex broadly 
fOgndsd, about I mm. wide. Midrib prominent, margins strongly rolled bdek, 
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partially covering the eori. Venation ntrongly marked, furcate; veins some- 
what distant, arising from the midrib almost at right angles and forking rather 
widely- Ramentum not seen. Sort circular, about 6 to 9 on either side of the 
midrtb, uniform in size; each sorus with Sto 6, rarely 7 sporangia. Spores 
smooth, ca. BJtp to 68p from one apex of the tetrahedron to the opposite base, 
wall thick (oa. 8p at the corners, iu at other places)- 

Type sped nen, K36/491 at the Geological Survey of India, Calcutta. 

Differing from P. hirsuta in several characters are five small fertile 
fragments which we believe can be referred to another new species of the 
genus. 

Specimens KS5H91, KS5I532, KS5/537 
(PI. 3; PI. 4, ftgs. 18-21) 

We shall first describe the three best preserved specimens, viz., 
Nos. K35/491, K36/632, and K36/637. Fig. 12 shows the upper side of the pinna 
numbered K36/491. Th>s fragment was made into the transfer preparation 
shown in PI. 4, fig. 18. The transfer gives a very good view of the lower side 
of the pinnules and of the sporangia borne on them. 

The midrib is strongly marked, as in the previou<< species, and the 
margin of the lamina, too, is strongly rolled back; this is shown very clearly 
by the transfer preparation (dg. 18). But the pinnules, although again falcate, 
are here shorter (6-6 mm. long), with a bluntly rounded apex fully 1 mm. 
wide, while the base Is well under 2 mm. wide and not appreciably expanded 
at its attachment to the rachis. The result is that, unlike the condition in 
Phlebopteris hirsuta, the pinnules taper only very gradually to the apex. 

Another point of difference is that no trace of ramental hairs has been 
found. 

The most obvious point of distinction from P. hirsuta, however, apart 
from the form of the pinnules, is the venation which is here strongly marked 
(see figs, 12*16). The veins are short, never more than once forked, rather 
distantly spaced, and come off at a wide angle (nearly 90^) from the midrib. 
The veins fork somewhat widely. We regard these facts as constituting a 
substantial point of difference, and not one due to a difference in the mode of 
preservation, because although * both the types are represented by fertile 
pinnules in the same stratum, the veins are strongly marked in the present 
form and quite invisible on the surface in Phlebopteris hirsuta. 

The sori (figs. 18*19) are here more uniform in size, each containing as a 
rule only 6 or 6 sporangia, rarely as many as 7. Thus on the whole the sori 
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have fewer sporangia than in P. Atrsuto. As in that species, there is a well 
formed depression in the centre of each sorus. 

The spores (figs. 20-21) are smooth walled, as in all Matoniaceae, recent 
and fossil, the size being ca 64 m'68m which is somewhat larger than in 
P. hirsuta. Fig. shows a dehisced spore by the side of a deformed one. 

It has been possible to obtain by maceration a few fragments of the 
cuticle of the lamina. Fig. 17 shows one of the better preserved pieces. The 
more or less sinuous outlines of the epidermal cells can be clearly made out 
but no stomata are seen. 

Specimens KS5I243 and KS5IS92 
(PI. 4, figs. 22-24; PI. 6, figs. 26 26) 

Apart from the three well preserved specimens just described there are 
two others (figs. 22 and 26), both fertile but not so well preserved, which we 
think may be referred to the same species. 

In these specimens the pinnules are longer and narrower than in the 
fragments just described, but some of them (figs. 22 and 23, near arrows) 
show a venation of the same type (cf. PI. 3, fig. 16), though it is not so 
strongly marked. Most of the other characters, such as the prominent 
midrib, the strongly recurved pinnule margins and the form and arrangement 
of the Bori, can also be made out. 

Specin^en K85/392 (fig. 26) was made into a transfer preparation to 
show up details (fig. 26 ), but even a careful examination fails to show any 
trace of ramental hairs. 

The sori seen in the transfer are preserved badiy, and only in a few 
places, but their circular form can be definitely made out, and the annulus is 
visible in several of the sporangia. The few sori where the number of 
sporangia can be counted contain about half a dozen sporangia each. 

Atone place in specimen K36/243 (marked x in fig. 22) a group of three 
relatively better preserved sori was found. The son are enlarged about 
thirty times in fig. 24 to show the depression in the centre characteristic of 
the genus Phleboptems. The fragment was subsequently made into a transfer 
preparation but this shows nothing new or noteworthy. 

In fig. 24 the sori appear to have an elliptic form and the plant was at 
first conjectured to be a Afatontdium but the clear depression in the centre 
of the sori goes against such a view. 
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Genus Cladophlebie Brongniart 

Of the sterile fern leaves there are three more or less distinct types 
which, for lack of data as to their exact affinities, we assign to the form- 
genus Cladophlebis although one or more of them may quite probably be the 
sterile leaves of Phlebopteris. 

Cladophlebis (? Phlebopteris) sp. A 
(PI. 5. figs. 27-30) 

Specimens K36/111 and K36/376 (figs. 27, 28) are counterparts of a 
sterile pinnate leaf fragment such as might easily have been part of a ray of 
Phlebopteris. The pinnules are slightly falcate, 6 to 8 mm. long, tapering 
from a base about 2 mm wide to a narrow but rounded apex. They come off 
at a wide angle from a rachis about 0.75 mm. thick. In each pinnule there 
are about 10 to 12 pairs of veins (fig. 2j)) which never fork more than once. 
There are no anastomoses. 

Specimen K35/376 (figs. 28-2.i) was made into a transfer preparation 
(fig. 30) in order to bring out the details. The carbonised film, after it was 
cleared of mineral matter with hydrofluoric acid, was washed and then 
slightly macerated with potassium chlorate and nitric acid in the hope of 
revealing the cuticles or any spores. No traces of cell structure were visible 
in the thin membranous cuticle left on the slide, but adhering to it in many 
places]were seen numerous spores, some single, others sticking together in 
irregular groups. A few of these spores are shown in figs- 31 and 32. 

Apart from the many spores found in more or less crushed and deformed 
state, it is possible to recognise two distinct kinds. One is spherical or 
elliptical, about 20i* to 25 m in diameter, with a moderately thick wall but no 
trace of a triradiate mark (fig. 31). Of this type only two isolated spores 
were met with. 

The other kind, by far the most numerous, are generally seen in groups 
or masses (fig. 82) though it is impossible to assert that these masses belong 
to single sporangia. 

The characters of this second type of spores are on the whole similar to 
those of the Matoniaceae, although allowance must be made for the fact that 
they are usually somewhat crushed. The smooth thick walls are rather 
characteristic. In a few cases it appears that the spores have dehisced, 
showing a rather wide triangular opening corresponding to the triradiate mark 
in PhMopterU. 
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It is not easy to decide as to whether either of these two kinds of spores 
belongs to the leaf to which they are seen adhering. Indeed, the fact th it 
there is more than one type of spore lying upon the same leaf throws both of 
them into suspicion as having probably been brought there by accident. 

If any of these spores belong to the same species as the leaf, it is much 
more likely that they are of the second kind, which are much more numerous 
and which, as stated, recall the spores of Phlebopteris. This idea also 
accords with the general characters of the leaf, which fit in well with those 
of that genus. In fig. 30 we have marked with black dots the chief places where 
spores or spore clusters have been noticed on the transfer preparation. It is 
worthy of note that the great majority of these dots lie in the basal regions 
of the pinnules, which in the Matoniaceae are more often fertile than the 
distal regions of the pinnules. But it would not do to make too much of this 
fact, considering that in any case the spores are not in their original positions 
but derived from dehisced sporangia. Taking all the facts into account we 
are inclined to the conclusion that the spores of the second type, shown in 
fig. 32, belong to the leaf on which they are found; on the whole the evidence 
for their having been transported seems small. 

Cladophlebis (? Phlebopteris) sp. B 
(PI. 6, figs. 83 and 34) 

This form (K35/358) is represented by only two pinnate fragments, both 
of which bear a series of well preserved falcate pinnules showing the furcate 
. venation beautifully (fig. 34). In the natural size photograph (fig. 83) a 
casual view might suggest that these two rachises converge to a common 
petiole, and lead to the conclusion that the specimen represents parts of two 
diverging rays of a single Phlebopieris-\\]&.e leaf. But a closer examination of 
the specimen shows that the smaller fragment overlaps the larger and lies at 
rather too wide an angle to belong to a neighbouring ray. 

The pinnules are rather broader and longer than in Cladophlebis sp. A 
(ca. 12-15 mm. long by ca. 2.5 mm. broad at the base). The veins, too* are 
closer together than in that form. On each pinnule there are well over 90 
pairs of veins, usually once forked. Rarely a second bifurcation can be seen 
near the margin. Unbranched veins have not been met with. 

A detail of the venation worthy of note is that of the two arms of the 
fork the proximal branch is very often in direct continuation of the parent 
vein, while the distal branch curves forward soon after its origin and then 
proceeds towards the margin (cf. fig. 34a (A)). This, however* is note 
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constant feature. Sometimes the veins fork at an equal angle to the parent 
vein, as in (B). 

Cladophlebis ( ? Phlebopteris) sp. C 
(PI. 7, figs. 35-37) 

The third sterile form is represented by two specimens (figs. 35, 37) both 
very fragmentary. The enlarged photographs show that the form of the 
pinnule is similar in the two. In both specimens the pinnules are short and 
almost triangular, with a slight falcate curve, and the enlarged bases of 
adjacent pinnules are connected together by a narrow web of lamina which 
forms a sort of wing to the main rachis < see fig. 35 near arrows). The latter 
feature, it may be incidentally mentioned, is also seen to a slight extent in the 
fertile specimens of Phlebopteris hirsuta. We need not, however, insist upon 
this as evidence for relating the sterile form with the Phlebopteris. 

The venation is not well preserved. The furcate veins are somewhat 
distant, and in each pinnule there are usually not more than 4 or 5 veins on 
either side of the midrib (fig. 36 near arrows). 

Evidence Regarding the Age of the Strata 

The plant remains here described are stated to have been collected from 
a horizon near the top of the Jurassic sequence. The evidence of their 
affinities tends to confirm a Jurassic age for the beds. 

Both the genera Phlebopteris and Cladophlebis are known to range in 
geological age from the Jurassic to the Cretaceous. The genus Cladopklebis 
had a worldwide distribution in the Jurassic, while species of Phlebopteris are 
also, on the whole, more common in the Jurassic strata than in the Cretaceous. 
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Explanation of Plates 

All ike figures excepting are from untouched photographs, 

Plate 1. 

PhlebopteriB hirauta Bp. nov. 

1. and 2. A fertile pinna in two counterparts Nat. size. 

8 Specimen in fig. 1 enlarged (x ca. M, refloxed margin of a leaflet. 

4. Specimen in fig. 1 further magnified ( X ca, 17J). 

Plate 2. 

Phlebopterts hirauta sp. nov (figs. 5-9, 11). 

5. Transfer of part of specimen K35/J24 (tig. 2) showing huirs on the rachis (R) and the 

pinnules (P) (X ca 12) 

6 Part of a pinnule from the specimen in fig 1 magnified to show the sporangia. S, 
sporangia; midrib (X ca, 46) 

7. Mass of spores (the ?entire contents of a sporangium) with part of the sporangium 

wall (W) still attached (X 250) ^ 

8. Mass of spores ( X 250) . 

9. Two spores, showing the thickenings at the corners and the triradiate slit (x 250). 

10. Spore of Matonia pectinata for comparison (x 250). 

11. Mass of smaller spores (X 250). 

Plate 3, 

PhlebopUrie tndica sp, nov 

12. Part of a fertile pinna (K35/491). The photograph shows the upper side of the leaflets 

with their veins. The sporangia, situated on the lower side, were revealed in a 
transfer (see Pi. 4, fig. 18) made of this specimen ( X ca, 4) 

18. Specimen in fig. 12 enlarged to show the venation (X ca 8). 

14. Specimen K85/5S7 showing the upper side of the leaflets (X ca, 4). 

16. Specimen K86/6S7 magnified further (x ca, S), 

16. KS6/632, This is a counterpart of K36/637 (fig. 14) (X ca, 4). 

17. riutlcular preparation from a pinnule. The epidermal cells are more or less sinuous. No 

stomata are seen. 

Plate 4. 

Phlebopteris indica sp, nov. 

18. Transfer of specimen K85/491 (see explanation of fig. 12, PI. 3). This is a view of the 

lower Buface of the leaflets with a row of son on either side of the midrib. 8, sort; 
M, margin of the leaflet, rolled back (X oa, 101). 

19. Part of the transfer further enlarged to show the sod. The annulus on each sporangium 

is seen clearly (X 4S) 

£0 and 21. Spores. In fig, 21 one of the two spores is seen dehisced (x 260). 

22. A badly preserved pinna (K86/248). Near x are seen three sori (X oa. 3). See fig. 24. 
28 The three pinnules between the arrows in flg. 22 magnified further to show the venation 
(X oa. 8). 

24. The three sori (near x in fig. 22) more highly magnified. Individual sporangia can be 
distinguiBbed only with difficulty due to the poor state of preservation <X ca, 80), 
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Plate 6 

PhltbopinriB indtca Bp. nov. (fiffS. 25'&6), 

25 A badly preaervod pinna (K35/892) The specimen is fertile as seen in the sori 
revealed on the lower surface of the leaflets in a transfer (flfi:, 26) made of this 
specimen (X ca. 3). 

26. Transfer of K35/392 (flur. 26) Though poorly preserved the son can be seen on the 
leaflets (X oa. 3). 

CladophlebxB (? PhlBbopiBris') sp. A 
(figs. 27-3U) 

27-28. Two counterparts of a pinna. Nat. size 
29 Specimen K35/376 (shown in fig 28) enlarged (X oa, 3) 

30. Transfer made from the specimen K36/376 (X ca 3). The black dots indicate the 

approximate posiltons where spores hivj been met with (see figs. 31-32) sticking to the 
surface of the leaflets in the transfer preparation. 

31. One of the two types of soores found on the transfer shown in fig. 30. This spore is of 

the round type ( x 390). 

S2. A group of vory much crushed spores. This is the second typo of spores met with on 
the transfer of Bpeeimem IC35/376 These spores are tetenhedral in form (x 390) 

Plate 6. 

CladophlebxB (? PhlebopteriB) sp. B (figs. 33-84) 

83. Two pinnae, probably part of the same frond. Nat. size 

84. Specimen in fig 38 enlarged to show the venation (X co 3i). 

34A Sketch to show the modes of forking of the lateral veinr The form most frequently 
seen in the specimen in flg. 34 Ib that shown in (A) 

Clado^ hUb\8 (? Phhbopte^ia) sp. C (figs. 35-37) 

35. A Bterile pinna (K36/664). The Hrrows point to the narrow wing near the rachie, which 

connects the lamina of the leaflets (x ca, 3). 

36. :^art of the specimen K35/554 rephutograhed for showing the veins (near arrows) 

(X ca. 6). 

37. Fragment of another pinna similar to that shown in fig. 35 (X 5). 
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Abstract 

The paper deals with the study of origin and orientation of placental strands in a 
number of families particularly the Rh(BadaUB. It is concluded that the theory of carpel 
specialization, as originally suggested by Eames and Wilson for Cruciferae and subse- 
quently applied to Papaveracew, MortngacesB, etc., rests upon incorrect interpretation of 
the origin and orientation of these bundles. Fur instance, what have so far been regarded 
as marginal bundles of carpels are now best explained as stelar bundles which ultimately 
differentiate into placental strands. In the same way the inverse orientation, which so far 
was interpreted as evidence of solidiflcation of carpels in Cructferm, Afortngacsie, etc , is 
here believed to be merely an ancestral mark left behind to betray, as it were, the fact 
that parietal placentation in these families has evolved from axile placentation. Thus the 
entire anatomical support, which the theory of carpel specialization received through tba 
courtesy of Fames and Wilson, has to be completely withdrawn and we have once mora 
to revert to the classical view as to the nature and number of carpels in the rhoeadalaan 
families* 

Diversities in interpreting the origin and orientation of placental 
strands have been the cause of great confusion in the determination of 
nature and number of carpels in the rhoeadalean families in general and 
Cruciferse in particular. The inverse orientation of these bundles was first 
noticed by Gerber* in 1900 in the Criusiferx, who interpreted it as an evi' 
dence of there being six carpels in the crucifer gynaeceum— four on the 
periphery and two inverted ones forming the replum in the centre. Han* 
ning (1901*) adduced further evidence in support of this interpretation by 
recording inverse orientation in a number of other species and by studying 
the origin of placental strands in them. More recent publications which 
deserve mention in this connection are those of Eamesand Wilson (1928. 
1980). Dickson (1934) and Puri (1941, 1942). All these authors have baaed 
their interpretations on the mode of origin and inverse orientation of placental 
strands. 
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My study of the problem in a number of families, particularly 
Rhmadalea, induces me to think that the whole support, which the theory 
of carpel specialization, as originally suggested by Eames and Wilson (1928) 
for CrucifersB and subsequently applied to Papaveraeese, Moringacese, etc., 
receives from vascular anatomy^ rests upon incorrect interpretation of: 
(1) the origin and behaviour of marginal bundles of carpels and (2) the 
inverse orientation of vascular tissue in placental strands. It will, therefore, 
be worthwhile to focus some attention on these two aspects of the question 
even though it may involve some repetition. 

The Origin and Beh iviour of Marginal Ordinarily the origin 

of a trace is determined at the point of its departure from the stele. In 
cases like Conringia orientalis (Eames and Wilson, 1930) where the recepta- 
cular bundles continue beyond the passing out of the last traces for the 
carpels such a departure is easily noticeable and consequently it can be 
definitely determined when exactly the stelar bundles become the marginal 
traces for the carpels. In majority of cases, however, no receptacular bundles 
proceed beyond the origin of marginal traces. In fact there are left just as 
many bundles in the stele as the number of marginal traces (or their fusion 
products) required. For' all practical purposes they are identical with 
marginal bundles (cf. Eames 1931, p. 174); but interpretin.; them as such, in 
the past, has proved disastrous to the understanding of crucifer gynaeceum 
in particular and other rhoeadalean gynaecia in general. A few illustrations 
will make the point clear. 

In Passiflora^ the dorsal bundles for the three (sometimes four) carpels 
are the first to depart (fig. 1, C, bundles Di , Da , Ds ). They are immediately 
followed by three median marginal strands (fig. 1, D, bundles Mi , Ma , Ma ) 
which are fusion products of the median marginal veins, a fact substantiated 
by their frequent bifurcation towards the tip. This leaves the vascular 
cylinder with only six bundles which are generally very small and fuse in pairs 
on the inner side of median marginal strands (fig. \ ,E,G, bundles a,6; c',d; e,f). 
While doing so they rotate through 180 degrees and become inversely 
oriented. Following the interpretation of corresponding bundles in other 
families, particularly Crudferte and Moringacex, I was, in the beginning, 
led to regard them as marginal bundles. But now it is realized that 
such an interpretation would introduce serious complexities which can 
otherwise be conveniently avoided. It is more convincing to regard them as 

~ 1 — EL 

IThia general account is baaed on the study auout half a dozen apeciaB of Paesi/lom, 
whose detailed account is under preparation and will be published separately 
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stelar bundles which fuse in pairs to close the last gaps. Their fusion pro- 
ducts give rise to placental strands with inverse orientation. 



Fig. 1 

Fig. I, A-J (X24) Paasxfiora hoio^ertcea. -4— T.s. androgynophore with five stamens about to 
separate pff. T.b. gynaeceum from base upward. For explanation see text. 


The condition in Afonnfifacea!, Critciferse Capparidacete, Papaveraeese, etc., 
is almost the same. But in all these families bundles corresponding to 
a, 6; c,d; e,f\ etc., have been erroneously interpreted as marginal bundles 
which swing inward and fuse in pairs to form the inversely oriented 
placental strands in exactly the same way as they do in closed carpels. 
Their behaviour and inverse orientation (Eames and Wilson, 1928, 1980; 
Dickson, 1984; Puri, 1942) and sometimes only the latter (Puri, 1941) has been 
regarded as evidence of solidification of closed carpels. 
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In the case of Morinqacem, for instance, I interpreted these atelar 
bundles as margins! veins which swing inward and fuse in pairs on the inner 



FiK 2 


FiR. 2, A~G, (x42) Mortnga ole^jera. T.s. gynaeceiim from base upward / 1 -^Showa the complete 
vascular cylinder in the base. W-C— stelar bundles o, 6 ; c, 0 ; & e, /, are passing in leaving behind the 
dorsals, Da, D 3 , O* ft/— Inverted placental strands have befen formed on the inner side of median 
marginal strands, Mi, Ms. Ma. F— Ovular traces are given out from the placental strands, G— Placental 
strands have either disappeared completely or their last traces have fused with the median marginals. 
I'heir splitting into two each in the upj)er region indicates that they are formed by the fusion of twc 
marginals. 

akie of what there were regarded as the dorsal bundles of the cari>els (Puri, 
1942). Such an interpretation was imposed on these bundles for four reasons 
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whose unsound, nature can now be realized in the light of my work on Passi- 
floracem (1) The real dorsal bundles of carpels are not clearly distinguish- 
able in this region. As stated elsewhere (Puri, 1942, postscript), they have 
been observed only with difficulty. (2) While generally it is traces which 
leave the stole, in Monngn the stelar bundles pass inward leaving the rest 
of the stele as appendicular (fig. 2, B-C). (3) The behaviour of these last 
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Pig.3. (X426) Moringa oletfera. A, li & views of areas marked in 

fig. 2,7?, C&Z> respectively. C'-The last stelar bundles, a, 6, have come to lie close together 
on the inner side of the median marginal strand. 
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stelar bundles, o,6; c,d; e,f, their swinging inward and fusing in pairs on the 
inner side of other bundles is suggestive of their interpretation as marginal 
bundles (fig. 2, C-D and 3, A-D). (4) Last but not the least important is the 
inverse orientation of their fusion products. 

Now the Moringa gynaeceum can be more conveniently explained as 
consisting of three valve carpels which fuse together by their margins 
(Classical view). The bundles Dj , D 2 , Ds , (Corresponding to bundles X,Y,Z 
in Puri, 1942, fig. 4, 1) are to be regarded as dorsal bundles of the three 
carpels; Mi , M 2 & Ms , as median marginal strands formed by the fusion of 
median marginal veins; and a,b;c,d;e,f, as the last stelar bundles which, 
during their inward course become inversely oriented and after fusing in 
pairs give rise to three placental strands on the inner side of Mi , Ms and Ms 
(figs. 2, B-D and 3, A-D). In some cases these stelar bundles are followed by 
very small branches of phloem tissue which may dfisappear even before the 
formation of placental strands (fig. 3, B-C). 



Fig. 4 

Fig. 4, A-0, (X42) Capparta horrida. /!— Vascular ring in the base of the gynaeceum 
consisting of 4 small and 4 large bundles. B—The four small ones passing out as carpel lary 
dorsals, Di, Ds, Ds, Ds. C—Stelar bundles, a, b; e, d; e. f; g, k, are being detached from the 
median marginal stands. Mi, Ms, Ms, M 4 D-C^-They are fusing into inverted bundles which 
become the placental strands, 
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In Cruciferae also, as pointed out earlier (Puri, 1941), bundles corres- 
ponding to a, 6; c,(i: etc., have been misunderstood in the same way. Their 
correct interpretation now renders special support to the classical view of 
there being only two carpels in the crucifer gynaeceum. After the passing 
out of the so-called replum strands, which should henceforth be regarded 
as median marginal strands -fusion products of median marginal veins — , 
the remaining stelar bundles which are generally four corresponding to a,b 
and c,d, proceed inward and after anastamosing in a number of ways (cf. 
Puri, 1941) differentiate into two inverted bundles in the antero-posterior 
plane which immediately become the placental strands. 

I have cut serial microtome sections of a number of Capparidaceir 
(Capparis horrida^^ C. aphylla, C. sepseria, Gynandropsis pentavhyHa 
Crataeva religiosu), &nd found that in all of them (Cr'/ta» wo provides some 
exceptions) the nlacental strands arise in exactly the same way as in Passi- 
floracem. The only point which deserves special attention here is that in 
all the Capparis species mentioned above the last stelar bundles, a,b; c,d; e,f, 
etc., swing in and fuse in pairs so close to the median marginal strands 
that they make the latter appear as concentric and as giving out placental 
strands as branches (figs. 4, C-E and 5, A-D). 

In Gynandropsis pentaphylla the last stelar traces proceed inward and 
fuse to form a central plexus which immediately breaks up into two parts 
in the antero-posterior plane. Each part has its xylem directed outwards and 
develops into an inverted placental strand (fig. 6, A-K.) 

Craiova religiosa presents some interesting variations which will be 
dealt with in detail in a separate paper. The gynaeceum is usually bicar- 
pellary syncarpous with two large parietal placentae. In some cases the 
ovary is bilocular at both base and apex where the placentation is axile but 
unilocular in the middle where the placentation is parietal (fig. 7, F-L). The 
natural inference from such an observation is that the unilocular condition 
has been derived from bilocular. 

Additional support for such an inference is obtainable from the vascular 
supply of the ovary which is derived from two different rings of vascular tissue. 
The outer ring is a continuation of the main stele and is used up in giving 
rise to dorsals and median marginal strands. The inner ring, on the other 
hand, arises de novo in the upper region of the receptacle and supplies only 

3l am thankful to Dr. P. Maheahwari for placing aomo of hia prepared alides of this 
ap6ci«$ at my diaposal, ^ 
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the placental stranda. It has no 
connection, whatsoever, with the 
outer rinj? at the place of its ori>?in 
(fij? 7, A'B), To begin with a few 
deeply staining cells make their 
appearance in the pith of the recep- 
tacle before the passing out of the 
dorsal traces for the carpels. A 
little higher up a few xylem elements 
also become evident {fig 8, A). 

Their number soon . increases and 
then some vascular bundles differen- 
tiate which arrange themselves in 
a ring round a parenchymatous core 
(fig. 8, B-D) Curiously enough all 
these bundles are inversely oriented 
with reference to those of the outer 
ring. At the level of the origin of 
loculi a portion of the inner ring 
gets detached on each side in the 
antero-posterior plane (fig. 7, F). 
This migrates out towards the corres- 
ponding median marginal strand 
and becomes the inverted placental 
bundle (fig. 7, G-H), The remaining 
portion of the stele separates into 
distinct bundles which become traces 
for the ovules arising from the 
middle region of the partition (fig. 
7, Gh 

In some cases although the 
ovary is bilocular in the lower region 
there are no ovules in the axial 

Fig. 5 

Fig. 6, A-C. (X425) Capparts horrida 
.4— Median marginal strand getting nd of 
the last stelar bundles a, 6. The latter 
approaching one another on the inner side of 
the former, C— They have fused into an 
inverted bundle which becomes the placental 
strand. />»(X726) Capparis apyhlla. In- 
verted placental strand on the inner side of 
median marginal strand. 
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position. Here no bundles may be left in the inner ring after the migration 
of portions destined to produce placental strands. 



Fif?. 6 

Fig. 6, A-K (X22) (lynandropsis pentaphylla. The last stelar bundles which are 
not quite distinct here fuse into a centra] piexus from which the placenta) strands arise. 
The dorsals have disappeared in the upper region and the median marginal strands have 
Bplitted up into two each. 

These observations indicate the way in which Cratseva gynaeceum may 
have been obtained. It appears thus quite likely that it has evolved from a 
multicarpellary ancestor with axile placentation having a central ring of 
inverted placental strands (cf. hg. 10). Although the axial placentae have 
now been replaced by parietal ones this central ring with its inverse orienta- 
tion has been retained in Cratseva religiosn to give rise to inverted placental 
strands for two parietal placentae. 

In the light of this interpretation the de novo origin of the inner ring of 
vascular tissue is not difficult to visualize. In cases where the axile placen- 
tation has become sufficiently “deep-seated” it is quite likely that the 
placental strands lost all connections with the outer ring from which all 
other carpellary traces are given out, and arose independently in situ. Such a 
condition may actually be occurring in a number of cases although I have 
not had the chance of coming across with any so far. 

Study of Cucurbitacese, which is in progress in this laboratory, reveals 
that In a number of cucurbits also the placental strands arise de novo and 
that they are Inverted from the beginning. 
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In Darbya also Smith and Smith (1942) report the derivation of vascular 
supply of the ovary from an inner inverted ring of vascular tissue which 



Pig 8 

Fig. 8, A-D (Y190) Crataeva rehgioaa. Showing difTerentiation of the inner ring 
of inverted bundles. Vascular elements towards the periphery belong to the outer ring. 


appears to arise de novo but which is interpreted by them as being formed 
by recurrent bundles of the outer ring. 

Instances of de novo origin of vascular bundles other than the placental 
strands are many but they have evidently little bearing on the subject 
under review. 


In some of the Papaveracex also the last stelar bundles which are usual- 
ly without any xylem elements, swing in so close to the median marginal 
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strands that their individuality has probably been missed by Arber (1938). 
She interprets the outer bundles (labelled by her as marednal strands but 
here regarded as median marginal strands) as becoming concentric to cut 
off inverted bundles for the placental region. 

The Inverse Orientation of Placental Strands . — In the case of closed 
carpels with typical axile placentation where the margins of a carpel fuse 
together the placental strands form an inner ring and lie inversely oriented 
on the radii of the dorsals. The inversion of these strands can be easily 
visualized on the presumption that the marginal bundles, which form the 
placental strands, follow the course of the carpellary margins. 

In the case of typical parietal placentation, on the other hand, the open 
carpels fuse end to end and all the bundles, the dorsals, the median mar- 
ginals, and the placental strands, which are normally oriented, lie in one 
peripheral ring. 

Both these cases are simple and need no attention. What is to be 
considered here is the condition which is somewhat intermediate between 
these two extremes. Arranged though they are on alternate radii, the 
dorsals and the placental strands lie in two different rings and the latter are 
inversely oriented. Such a condition has been observed to be very common 
particularly in the rhoeadalean families and doubtlessly it will be found to 
be of more general occurrence than hitherto known as more investigations 
on the subject come forward. 

In Cruciferm such a condition has been shown to be almost universal 
(Eames and Wilson, 1928, 1930; Arber, 1931a, 1931b: Puri, 1941). It is also 
equally common in Moringacem (Puri, 1942). I have observed inverted 
placental strands in a number of Capparidacess also. In Crateeva religiosa, as 
pointed out earlier, the whole ring of vascular tissue which supplies these 
strands is composed of inversely oriented bundles from the beginning. In 
Papaveracex also they are inversely oriented in a number of species (Dickson, 
1934; Arber, 1988). 

I have examined serial microtome sections of a number ofi^eseda* 
species and found that the placental strands are normally oriented in Reseda 
alba, R. glauea, R. lutea and R. odorata. Although the placentae are quite 

8 1 Bin thankful to Dr. P. Maheshwari for the alcohol-preserved material of Reatda alba, 
^•glauea, and R, lutea end to the late Sir A, W. Hill for freshly pressed material of 
f?. luieola. 
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massive in almost all of them there are no median marginal strands outside 
the placental strands. Reseda luteola, however, is slightly different. Here 
the marginal bundles, which remain quite distinct, break up into two parallel 
series of vascular bundles which are only half inverted (flg. 9, D-E). In 
some cases some of the innermost branches may become completely inverted. 
Higher up, where the carpels separate apart and the carpellary margins fold 
more and more inward, almost all of these branches become inversely oriented 
with reference to the outer ones (fig. 9, F-G). 

In a number of Passifloracem also inverted placental strands have been 
observed lying on the inner side of median marginal strands. They are much 
extended laterally and may give out several ovular traces simultaneously. 
Some of the cucurbits also show the same condition. 

This is by no means an exhaustive list of such cases known; a careful 
search through the literature on the subject will reveal many more 
instances of this type. But the fact that inverted placental strands do occur 
in parietal placentae also is more than established- 

The inversion of these strands has been variously explained, flames 
and Wilson’s views (1928, 19S0) on the subject are too well known to be 
restated here in detail (see Puri, 1941). On the basis of the study of vascular 
scheme they have suggested that there are four carpels in the crucifer 
gynaeceum— two closed solid and two open valve. In the closed carpels t^e 
ventral sutures, and consequently the placental strands formed by the fusion 
of marginals, lie on the inner side of the dorsal sutures. Thus the inversion 
of the placental strands is effected in the same way as in the typical case of 
axile placentation. 

With certain modifications 1 had supported Eames and Wilson’s inter* 
ijretation for Cruciferse (Puri, 1941) and had reached the same conclusion 
'myself with respect to Monnpocs? (Puri, 1942). But now in view ot my 
my more recent work on the Paasifloraceae I am obliged to withdraw support 
to this interpretation. 

Arber (1988) has suggested a very easy, though not so convincing, 
mechanism for the inversion of the bundles in the placental region. She 
'Writes (Arber, 1938, p. 661) : 

"It must be remembered that each placenta is immediately internal to one of the strands 
vbleh nre hare interpreted as fused marginala. Exactly how such a strand can supply 
bundles to the placenta which is on its own radius, is a special case of the general problem 
of how a collateral bundle can give off a branch on ita xylem eide. In Papaver JUioess, as 
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w« bave this problem is solved by the bundle becomintf concentric, when a port^ion of 
it is detached on the side towards the placenta, it thus naturally has its xylam turned to- 
wards the parent strand and its phloem away, in other words it is inverted/' 



Fig. 9, id- G (X42) Reseda luteola, ^4— Vascular cylinder entering the base of the 
ovary, Dorsal bundle for one carpel cut twice. C-F— The alternating three bundles 
break up into two series of marginal bundles each F-G— Carpels separate apart and the 
inner branches become completely inverted. 

In the flsret place such a mechanical interpretation does not appear to 
be quite plausible to a student of anatomy who knows how vascular 
bundles differentiate and understands the limitations of such terms as 
"branchipg,” “splitting,” “running”, “passing”, etc,, when used in con- 
nection with vascular bundles. In fact vascular bundles are always laid 
down in the form of procambial strands which differentiate into xylem and 
phloem in accordance with set laws which vary with the organs, roots, 
stems, etc. It is consequently not possible to explain the inversion of these 
bundles without presuming that the carpellary margins themselves are 
inverted, as it happens in the case of axile piacentation. 

Moreover, such an explanation of the inversion cannot be applied to a 
l&rge number of cases mentioned above, e. g„ Cruciferm,'Pas$iflorace«, etc., 
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where the inverted bundles have no direct connection with the outer 
bundles. 

Further, 1 think Mrs. Arber is not deelinf; with genuinely concentric 
bundles in Papaver Rhoeaff. What appears to me to be the correct position is 
that the last stelar bundles corresponding to a, 6; c,d; e,f\ etc,, swing in so 
close to the median marginal strands that they appear as part and parcel 
of the latter; and since they generally consist of phloem only, there being 
no xylem elements, they evidently make the median marginal strands look 
concentric. Consequently the bundles are not branching as believed to be the 
case by Mrs. Arber but simply sepanting off the last stelar bundles which 
happened to come so close to them. 

Spratt (1932) dismisses the whole problem of inversion of placental 
strands by suggesting that "it is associated with the fact that they are 
placental bundles." 

Eggers (WSB)* has adopted altogether a different line of attack on 
this problem. He discards all phylogenetic explanations of inversion of 
placental strands mainly on two grounds. In the first place, he argues, the 
folding in of the carpellary margins which is presumed in all such explana- 
tions, has never been observed during development Secondly even if we 
take for granted that a phylogenetic explanation accounts for cases of axile 
placentation we would have to employ fundamentally different interpreta- 
tion for the inversion of placental strands in the rhoeadalean families. He, 
therefore, believes that the inverse orientation of placental bundle is closely 
related to the morphological nature of placentae and their late development. 
But this relation, he adds, is still obscure in some respects. 

I do not see much conviction in his first argument, for it is not always 
possible to have clear glimpses of past history of plant organs in their onto- 
geny. His second objection is me eiyafalse apprehension as will be clear 
from the following account. 

One of the simplest ways in which the inversion of parietal placental 
strands may be effected is as follows^ : The carpellary margins of the 
ordinary valve carpels fold inward and then spread out a little so as to lie 
almost parallel and internal to the main body of the carpels. If in this con- 
dition the carpels fuse together by their sides leading to the fusion of 
marginal bundles the resulting placental strands will be inverted. That 

4 1 am (grateful to Professor B. Sahnu F.K.S., for helping me with the transla 
tioD of a paaaaffo from this paper. 

B 1 owe the impetus for it to certain suggestive remarks made by Dr. A. C. Joehi of 
^enarei during e friendly talk early in May, 1943* 
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such is B possibility is indicated to a certain extent in Reseda luteola. As 
stated above the marg:inal bundles in this species remain quite distinct (do 
not fuse into placental strands) and branch into two series of half*inverted 
bundles with their xylems directed outwards and phloems inwards (fig. 9, E) . 
Some of the innermost branches towards the extreme tips of the carpellary 
margins may become completely inverted. If this condition becomes per- 
manent and if the bundles fuse together the resulting placental strands will 
be automatically inverted. 

I cannot say how far, if at all, this explanation actually solves the prob- 
lem of inversion of parietal placental strands. It is, however, evident 
that it cannot cover cases as met with in Cartsevi religiosa where there exists 
an internal ring of inverted vascular bundles to give rise to inverted placental 
strands. 

There is yet another interpretation which can satisfactorily account for 
such cases as well. It has already been suggested that the unilocular con- 
dition in Cratxva religiosa may have evolved from multilocular one. The 
same conclusion can be reasonably applied to the remaining Capparidaeex, 
and Cruciferx, Moringacex, Paasifloracex, etc. This being so the parietal 
placentation in all these cases must have been 'obtained from axile placenta- 
tion. The mechanism by which such a change may have bean brought about 
seems to be quite simple and is illustrated in fig. 10. Each axile placenta, 
as also its placental strand which is naturally inverted, splitted up into its 
two component halves which then fused with contiguous halves of the other 
placentae to form an equal number of parietal placentae. 

Although there is left no indication of axile placentation in many of 
these forms (unless the presence of false septum, so common in the Rhoeidales, 
is interpreted as one such) the inversion of the placental strands has been 
retained as an ancestral mark to baffle, as it were, the students of floral 
anatomy. 

That such is actually the correct explanation of inversion of parietal 
placental strands is more clearly seen in Cratxva religiosa. Here, as has been 
pointed out earlier, the internal ring which supplies placental strands itself 
becomes inverted from the beginning. Since giving out these strands is 
the only function of this ring, it seems quite probable that it arose there by 
downward prolongation of the axile placental strands in the ancestral forms. 
This appears to me to be the only correct explanation of the denovo origin 
and inversion of the inner ring. 
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Woodson and Moore' (1938) have suggested that parietal placentation in 
certain Apocynaceae has also been obtained from axlle placentation in much 



Fig* 10, >l-i?<-»Diagrams showing the author's opinion of the method of development 
of the crucifer ovary. A— Multicapellary ancester with typical axile placentation. 
Inverted placental strands He on the radii of the dorsals and form an inner ring (cf , Croi* 
aeva reltgioaa) Number of carpels reduced to two (ovules not reduced). C-i?— Each of 
the axile placentae splits up into its components which fuse with adjacent halves of the 
other carpels to form an equal number of parietal placentae with inverted bundles. F— 
Margins shorten and the placentae are brought very near to the median marginiil strands. 
Outgrowths from the placentae fuse in the centre and form the false septum, 

the same way. But they do not draw any attention to the orientation of 
vascular tissue in the placental strands nor do their figures throw any light 
on this aspect of the subject. 
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The quest for early traces of Vu Glossopterie flora 
By B. Sarmi 

In this note I propose to sketch briefly the backgrround of events trhieh 
du to the important discoveries recorded in the followingr paper by Dr. Virkki 
m ‘'Spores from the Lower Gondwanas of India and Australia” (pages 93 ff.) 

My aim in suggesting that Dr. Virkki should make a detailed (micros- 
copic) examination of the rocks of the Lower Gondwanas was to see how far 
down into the Gondwanas it was possible to trace the Glossopterie flora. 

P- 

The question of the climatic relations of this flora has long engaged the 
attention of palaeobotanists and geologists- The main point at issue was not 
the sort of climate that supportedthe rich vegetation of the Barakar and Rani- 
ganj periods but the climatic conditions that governed the origin and early 
history of this flora, which was essentially so distinct from the tropical vegeta- 
on then flourishing north of the Tethys barrier. Prima facie grounds, e.g., 
<, le marked contrast between the two floras geographically separated by an 
eaet-west barrier; the relative paucity of the southern flora; the sharply marked 
irowth rings of the southern Dadoxyla; and the fact that the distribution of 
.16 earliest known plant-bearing beds closely followed that of the glacial 
-oulder bed, all pointed to the idea that the southern flora could not have 
‘fed in a tropical climate. But the discovery by T. N. Leslie and 

<^er by A. L. du Toit (19U) of Gangamopteris immediately below and in 
. ntact with the Dwyka tillite in South Africa went further — ^it proved that 
least in that part of Gond wanaland this flora already existed during the glacial 
eriod, and in the close vicinity of the ice, like the flora which today fringes 
the Greenland ice-cap. 

On general grounds, therefore, it appeared unlikely that conditions in 
India, where essentially the same sort of vegetation was known to have 
existed, could have been very different. But a contrary view has been held, 
and expressed with some emphasis, by Dr. (now Sir Cyril) Fox, until lately 
Director of the Geological Survey of India, whose opinions are entitled to the 
respect that is due to a geologist of his official position. In two memoiss 
devoted to a detailed stratigraphical study of the Gkmdwana System and 


* 9ee Bibliotraphy at the end of Dr. Virkki’a paper. - 
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Related Formations (19S1) and the Lower Gondwana Coalfields of India il9H) 
he has written as follows: 

'‘So pronounced hae been the idea of the influence of extreme cold that it is generally 
concluded that the rise of the GloaaopUru flora was contemporaneous with this upper 
Palaeozoic (middle to upper Carboniferous) Ice Age. The conclusion that the Gloaaoptaria 
flora flourished in a cold climate la open to question" 19S1 p 7, 

"The remains of fossil plants are only found in the topmost beds of the Talchir 
series/* Cp,3 ) 

"It has been concluded therefore that Gloaaopterta had already appeared in the great 
Ice Ace of Gondwana times. And it has been presumed from this that the Gloaaopterta 
flora was able to stand the severe climate of the Glacial epochs or that this flora was able 
to develop under conditions of extreme cold.** ( 77 . /5). 

"Now plant remains, very rare indeed, are only found m the topmost beds of the 
Talchir sediments**, (p.f 0< 

''There is no doubt that a Gloaaoptaria flora has not been found closely associated with 
the glacial boulder beds of the Gondwana system. In Kashmir and the Punjab Salt Range the 
Gangamopteria (with GlosBopterta"^ horizon occurs at a considerably higher horizon than the 
Boulder bed. The position of the fossil plants in tbe Talchir series has been discussed in the 
previous paragraph. The conclusion is that the climate of the Ice Age was not favorable to 
the Gloaaoptarta flora'* (p./4). 

Referring to plar t foasils in the Talchir series he says {19SJk p,li) 

"Such occurrences are always at the top of the series and well above the boulder bed'* . 

In view of these definite expressions of opinion, so directly opposed to 
these of several palaeobotanists who have given thought to this problem, 
including the late Professor Seward, Dr. du Toit, and the writer, it toot im- 
portant to ascertain how far down into the Talchir series it was possible to push 
our knowledge of the Glossopteris flora of India, and in particular to S'S if we 
eould not find traces of this flora in the glacial matrix itself. 

Until as late as 1936 the oldest plant-bearing horizon known in the Lower 
Gondwanas of India was one at Kathwai, in the Salt Range. This was 
discovered by Mr. E. R. Gee, who very kindly sent me a collection of plant 
fossils from a carbonaceous shale exposed about 20*25 ft. above the Talchir 
Boulder Bed. Although the specimens were nearly alt fragmentary, they 
were worthy of a close examination in view of their low geological 
horizon. Writing to me on the 20th May 1987, Mr. Gee said 

‘*Th«Be Gondwana plant fossils bolong to as low an^pcobably lower— horison aa any 
previously found in India As they .occurred within 20—26 feet above the Talchir Boulder 
Bed 1 especially examined this 20-26 feet of strata tor any evidenca of a fault or dtseon- 
formity, but found none. The sequence was as follows. The Talchir Boulder Bed bare 



mtB directly on the Puit>I* Sandatone Serioa (Lover Cambrian or pre-(3ambrian). The 
Boulder-bed in here only a foot or two in thickneaa, odnaisting of bouldera up to over a foot 
in diameter embedded in a gritty matrix. There ia no queatlon about its being the Talchir 
Boulder-bed of the base of the Speckled Sandstone series. This boulder bearing sandstone 
paases up into a gritty greyish or greenish-grey sandstone which includes some shaly bands, 
carbonaceous in the upper part. The latter passes up into sandy grey shales with 
carbonaceous bands and these into the black carbonaceous shales containing the plants." 

After a cursory examination, which showed several typical Gondwana 
forms, species of Glossopteris and Gangamopteris, Sphenopteris, Cardiocarpm, 
Samaropsis and a new Ottokaria, the collection was passed on to Miss Virkki 
for a careful investigation, parHcularly of the cuticles and any microfossih in 
the rock-matrix. This search revealed the existence of numerous spores in 
the rock, obviously belonging to early members of the Gtoasopteris flora, the 
number of distinct spore types being far greater than the number of speciee of 
macrofossils. This fact suggested that even the supposedly sterile shales 
lower down in the Talchir series would, if subjected to micro-analysis, reveal 
at least wind-borne traces of any vegetation that might then have existed and 
which, falling upon lakes and streams, might have been entrapped in the 
sediments. I therefore suggested to Miss Virkki to make a close search for 
microfossils in strata lower and lower down in the series, preferably in the 
very section which Mr Gee had examined, which appeared to me to be a 
particularly suitable section for pursuing a search for the beginnings of the 
Glossopteris flora in the Punjab. This search was richly rewarded, as will be 
seen from the numerous spores flgured from horizons as low as H and 4^ feet 
above the boulder bed at Kathwai. 

Further, from the analogy of Dr. V. Vareschl's work on the microflora 
of modern glacier ice (1^55) I imagined that even the matrix of the Talchir 
Boulder Bed itself might be expected to oontsin at least microscopic traces of 
fossils for, as on modern glaciers, wind-borne organic dust must have fallen 
upon the glaciers and ice sheets of Gondwanaland, and under those cold 
conditions must have had exceptionally favourable conditions for being 
preserved in the ancient moraines. * In January 1938 I wrote (p. 16) 

"To prove that the flora actually co-existed with the ice it only remains to demonstrate 
these spores within the glacial matrix itself, and I think the facts at band fully justify the 
expectation that this will be done. An investigation of the spore content of the glacial 
matrix not only in the Salt Range but in other parts of Gondwana Land, is thus full of 
interesting pos sibiHtiea. 

* The moraines left by Pleistocene and Recent glaciers and icesheets must also, of course, be 
expected to contain luierofossil renuins of conten^orary plants and animals, but these have 
not attracted so muohattention,~presumably because they do not afford detailed chronological 
data In the same way as the strata of ice, or varved lake sediments, do. 
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Miss Virkki was therefore advised to examine samples of the fine* 
(Trained matrix of the Boulder Bed at Kathwaf, and requests were sent out to 
colleagues abroad for similar samples from other Gondwana tillites, parti- 
cularly those in South Africa and in Australia. The Eathwal sample of tllllte 
did not yield any evidence of micrafossils, but a piece of the well known 
Bacchus Marsh tillite in Victoria ( Australia) received through the kindness 
of Mr. W-N. Edwards, Keeper of Geology at the British Museum, revealed a 
large number of spores similar to some already known from the carbonaceous 
shales of the lift., 4ift. and 20-25 ft. horizons at Kathwai. Samples of the 
Dwyka tillite kindly sent me by the late Dr T. N. Leslie and by Dr. du Toit 
were also examined by Dr. R.V. Sitholey with interesting results: andMr.D.D. 
Pant has made a detailed study of both the Dwyka and the Bacchus Marsh 
material with a surprisingly rich haul of microfossils. 

Until quite recently all attempts to discover microfossils in the Indian 
Gondwana tillites had consistently failed. But from a compact calcareous 
shaly horizon within the Talchir Boulder Bed exposed near Chittidil, in the 
Salt Range, from which I had collected some material in October 1945, 1 was 
able to prepare some woody tissues as well as spores, which I hope to describe 
elsewhere. 

These evidences of fossil plants within the malarix of the glacial boulder 
bed of the Gondwanas prove conclusively that the Gtoaaopteria flora co-existed 
with the ice in India, as it did in Australia and South Africa. The facts do 
not ISnd any support to the view, repeatedly advanced without any real 
evidence by Sir Cyril Fox, that the climate of the Ice Age was not favourable 
to the Glosiopteria flora. 

( 

Probably no one, except perhaps Sir Cyril, now entertains any doubt on 
this matter. In its initial stage the Gloenopteria flora must have been a cold 
temperate flora; and it would be no surprise if we should later be led to the 
conclusion, which I have elsewhere tentatively ventured (19S7p. 59; 1988 p. 18) 
that the origin of this southern flora was In some way causally connected with 
the advent of the Gondwana cold wave. 




Note. 


The work embodied in the following paper was carried out daring the 
years 1937-39, while the author was a research student at the University of 
Lucknow. Unfortunately its publication has been seriously delayed, for 
reasons given below. Meanwhile other microfossil investigations on the 
Gondwana rocks carried out in this laboratory have been published, either in 
full or in preliminary reports. 

The MS was sent to the Geological Survey of India on 1 December 1940 
and was accepted for publication as a Memoir in the Palaeontologia ladica. 
The blocks of the photographic illustrations were prepared, the plates were 
printed off at the Geological Survey office in Calcutta and the galley proofs 
were ready by September 1941. On 16 April 1942, however, the entire work 
was returned to me by Sir Cyril Fox, along with a series of other palaeobotanical 
papers which had likewise been accepted for the Palaeontologia Indiaa. 
Owing to war conditions all scientiflc publcations had been suspended by the 
Survey. The text thus had to be re-edited and the material re-arranged for 
publication in the Proceedings of the National Academy of Sciences. By 
arrangement with the Geological Survey it has, however, been possible to 
make use of the half-tone plates originally prepared for the larger format 
of the Palaeontologia Indioa. 


B. S, 
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Abstract. 

This paper deals with spores and other organic remains obtained from the Lower 
Gondwana rocks of hve localities in India and two in Australia. The spores from each 
horizon are treated in a separate section 

Schulze's maceration fluid (HNO 3 and KClOa ) was ordinarily used. When the shales 
were not very hard, water was quite sufflcient to disintegrate the rock 

A natural classificMition of the spores is at present not practicable. Therefore, another 
artiflcial classification had to be preferred In this classification importance is given to the 
characters of the wing 

It was found difiicull to apply the nomenclature proposed by the earlier authors. Fo. 
convenience the spores are named '^pote 1 , bpoi'e s?, etc. 

A key to the classification of these spores is given and the descriptive terminology 
employed is explained. 

The first section deals with the spores from the beds L) ft above the Talchir Boulder 
bed exposed at Kathwai. The locality, horizon and the material are discussed. Fifteen 
kinds of spores are described from tb^s horizon 

The second section deals with the spores from a horizon just 4i ft. above the Talchir 
Boulder bed The age of the bed and the nature of the material are not far different from 
those of the IJ ft horizon. The spores obtained from this section are very badly preserved 
and descriptions of only seven kinds of spores are given. 

The spores from the 2026 ft. horizon of the same locality are treated in the third 
section. The age of these beds is discussed in a different p per. Twenty-six kinds of 
spores from this horizon are described 

In the fourth section spores fiom the plant beds just below the Middle Products 
Limestone at Warchha are treated. The age of the beds is discussed elsewhere Thirty 
kinds of spores and a piece of tracheid are dealt with in this section. 

The fifth section deals with six kinds of spores obtained from the plant b,eds just 
below the Middle Productus Limestone at Jhallewali 

Descriptions of fifteen kindb^ of spores and a piece of tracheid are given in the sixth 
section, which deals with the spores from the Lower Barakar beds of the Daltongunj 
coalfield in Bihar, The locality and horizon are discussed in a separate paper. 

In the seventh section the age of the Pali beds in Rewa is discussed. Descriptions of 
thirty-four different kinds of spores, a bit of a tracheid and a cuticle are given. 

The eighth section deals with the spores obtained from the glacial tlllite at Bacchus 
Marsh, Victoria. Eight kinds ^ f spores, a bit of a tracheid and certain animal remains are 
described in this section. 

In the ninth and last section two kinds of spores (Fityosporttea g^wardt and Pityo- 
gporitgg sp ) obtained from a Permo-Carboniferous shale from Newcastle, N. W., are 
briefly described 

There is a continuous transition from the one-winged type of spores to the two- winged 
type (Spore 4? to Spore €0). The relation of the Glogeopterig flora to the glacial conglo- 
merate is discussed at the end of the paper. On the basis of the available evidence it Is 
concluded that the GiaaaopUrig flora existed during the Ice Age, if not^arUer. 
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Introduction. 


Of late the investigation of fossil spores has become a rapidly growing 
study in several parts of the world. A survey of the series of papers by 
Erdtman {mT. pp. 198-21 V, 19S0, pp. 191-21S; 1932. pp. 395-418; 1934, pp. 463- 
481; 1935, pp. 261-274; 1937, pp. 157-181), on the "Literature of Pollen-statis- 
tics" gives an idea of the vast amount of work that is being turned out at 
present. 

It is needless to say that this line of study has considerable botanical, 
geological and economic importance. The reproductive organs, specially the 
spores, of many of the fossils that remained undiscovered came to light by 
the microscopic study of coal and other deposits. The geological importance 
of this work is shown by the fact that the correlation of coal-seams based on 
their microscopic contents has received considerable attention from workers 
in varloti.s parts of the world. (Elovski, 1930; Ergolakaia, 1930; Naumova, 1937, 
V. 60, Pngel, 1936; Luber, 1937, p 61; Raistrwk and Simpson, 1933, pp. l-ll; 
Raiatrwk, 1934, pp. 1 IS; 1938, pp 221-226; Trueman, 1938, pp 257-269; 
Slater, Evans and Eddy, 1930;Slnter, 1932, pp. 1-18; Thtesaen and Stand, 1924). 
The importance of microfossil studies in the correlation of coal seams in India 
has been indicated in a recent communication by Professor Sahni {1941, 
pp. 581-582). 

Spores of living plants also have attracted the attention of Wodehouse 
{1935, pp. 1-574)’, Knox {19.38, pp. 4S8-466); Erdtman {19.37, pp. 185-1960 
Vareschi {1935; 1937, pp. 17-35); and others. Erdtman’s paper {1937, pp. 

“ Pollen-grains recovered from the atmosphere over the Atlantic " 
gives an idea of the wide distribution of spores through the agency of wind. 
Recently Vareschi {1935, pp. 83, 84), has demonstrated that the spores of 
recent plants which settle down on the surface of glaciers ultimately reach 
the depths of the glacier, forming chronological zones in the ice. 

In India practically no work on fossil spores had been done so far except 
on the Pleistocene pollen of Kashmir by Wodehouse {1936); and the Tertiary 
pollen of certain carbcmaceous shales of Assam by Ghosh {1941, p. 674). . The 
present work was started on spores accidentally discovered in the shales 
about 20-26 ft. above the Takhir Boulder bed, exposed in a section atKathwai 
in the Salt Range {Virkki, 1937, pp. 428-431; 1938, pp. ISO, 151). 

At the suggestion of Professor Sahni a visit was paid to the Salt Range 
with the hope that spores might be found in horizons lower than the lowest 
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plant'bearing horizons so far recorded. As anticipated by him, the search for 
spores in the shales collected from li ft. and 41 ft., respectively, above the 
Talchir Boulder bed, proved quite successful, although the glacial matrix 
itself gave a negative result. Nevertheless, the presence of spores in the 
shales ft. above the glacial bed strengthened his view that spores may be 
present in the actual glacial deposit itself, though not of the Salt Range, per- 
haps of other parts of Gondw ana Land. Professor Sahni surmised that since 
Vareschi had found spores preserved in the ice of the modern glaciers, there 
was no reason why they could not be found in the Permo-Carboniferous gla- 
cial deposits, if plants then existed in the vicinity of the ice. 

Accordingly, at the request of Professor Sahni samples of Permo-Carboni- 
ferous tiilites were kindly sent from certain localities in Australia and Africa 
Most of them were found to contain no spores, but a sample of tillite from 
BacchuSj Marsh, Victoria, sent by the authorities of the British Museum, 
yielded various types of spores as well as a few tracheids and certain other 
organic remains {Virkki, 1989, pp. 7-12). 

LaCALlTIES AND HORIZONS. 

The spores from the Lower Gondwanas of India and Australia were 
obtained from different localities, five in India and two in Australia. 

India. 

Kathwai, Salt Range, Punjab. 

Warchha, Salt Range, Punjab. 

Jhallewali, Salt Range, Punjab. 

Daltongunj coalfield, Palamau district, Bihar. 

Pali beds, Rewa. 

Australia. 

Bacchus Marsh, Victoria. 

Newcastle, New South Wales. 

The spores from each horizon are treated under a separate section. 
Details about the locality, horizon, material, etc., will therefore be given 
separately under eaih section. 

Technique. 

Schulze’s maceration fluid (HNOt + KClOs ) was ordinarily used. In 
rare eases when the material was very hard hydrofluoric acid was used to' 
crumble the rock. Most of the dark shales from the Salt Range and Rawi 
ware easily disintegrated in water, 
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When the spores were prepared there was no intention of a quantitative 
study. The spores from the various localities do not give a representative 
idea of the Lower Gondwana flora of that particular h irizon The samples 
from the various horizons, especially those from 11 ft. and 41 ft, respectively, 
above the Talchir Boulder bed in the Salt Range, and those from Australia 
(glacial tillite) were too insufficient in quantity. The spores from Jhallewall 
represent only those obtained during maceration of the cuticle. Some spores 
might have been lost in manipulation. 

Classification. 

A natural classification of the spores is almost impossible at present. 
None of those described here was found in organic connection with any other 
plant remains. Although some are adhering to the surface of the cuticle of 
certain species of Glossapteris, no definite conclusions can be drawn regarding 
their affinities. Almost all the spores are preserved in a flattened condition, 
thus making it extremely difficult to determine their original form and 
size. 

The classification of the spores should be based on their most constant 
characters. Many authors have taken the germinal appartus es the decisive 
feature. Wodehouse {19S5, p 166) is of opinion that "The form and character 
of the germinal furrows are generally rather strictly phyletic, tending to be 
constant throughout families and other large groups. ” Accordingly he bases his 
clasaification on the nature of the germinal apparatus, but even this feature 
shows great variations in the Coniferales. Again the same type of furrow may 
be present in totally different groups, for example, in the Ginkgoales and the 
Cycadalas. 

Lyuber, Valtz and Naumova {1987, p. 60.) also have given prominence to 
the slit; but 1 am unable to follow their classification as I have not seen their 
detailed papers. 

There are many difficulties in giving prominence to the siit in the case of 
fossil spores. Some of them may be mentioned here. 

In the first place, it is not always easy to differentiate between a furrow 
and a tetrad marie, when both are present. In the lower plants, like the ferns, 
the tetrad mark or slit on the proximal side of the spore takes over the 
funcition of the germinal apparatus. In higher plants, where the tetrad 
mark is indistinet or completely eliminated in the mature pollen-grains, the 
^havow or the germ pore on the distal side fonctkms as the germinal ap- 
pomitas. Between these two types (spores and pollen-grains), according to 
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Schopf [18S8, Tp. U, IS) there is the ’“prepolleii”, which isapollen ill thta sense 
it hSe a furrow and it is primitive as the furrow is still on the pteidmal Sld(S. 
He takes the genus Monoletes as an example of this type. Monoletee ‘tMs 
instituted by Ibrahim {19SS) as a provisional name for spores havlsiff iMe 
dehiscence mark and bilateral symmetry. Schopf, (19S6, pp. 107-1101 19S8 pp<4f . 
kO) adopted it for spores of the type of the Whittleseyinean fruetifioations 
{Halle, 1988, pp. 8-67). When describing Monoletee ovatua {Schopf 1988, pp. 

^5; PI. 1, figs. 8-5; PI. 6, figs. 1-U) he says the longitudinal streak is the furrow 
on the proximal side and the folds are round it on the same side. On the other 
hand, Florin {1987, pp. 812-817, 826-881; PI. 2, figs. 8-5; PI 8, figs, 1. 8. k, 6-8) 
in his description of the spores of the various members of the Wbittleseyinae, 
calls the streak on the proximal side as the tetrad mark. He is of opinion ^t 
the fold seen round the slit is on the distal side, and it represents the fold round 
the broad, long germinal furrow. Halle gives another interpretation to the 
streak and the two folds on the surface of the spores of the Whittleseyinae. In 
the description of the spores of Goldenbergia glomerata, Halle {1988, p. 11; 
PI. 2, figs. 18-17) interprets the two folds as "the junction between the 
part of the wall facing outwards in the tetrad and the two radial 
walls”, and the median line(streak) as the "angle between the two radial 
wails”. Nevertheless, he admits that the spore might have opened there en 
germination; for in some cases slits werd' observed instead of the atreak. 
Renault {1896, pp. 266, 268) considered the two folds of DoUratheea 
two furrows. Wodehouse {1985, p. 226, fig. 69A) disagrees with Renault 10 
this' interpretation and suggests that these two furrows are the two g reeeea 
which form at the sides of the single deep furrow. 

Thus we see that different authors are not in agreement in interphetUig 
the longitudinal streak and the fold. 

The majority of the spores are seen only in one view, wherethe slit may 
hot be visible. Bad preservation also may have obliterated all twees of the 
slit. 

From the paper by Knox {1988, pp. 488-466) which deals with aposss ehisffy 
of the living Pteridophyta, we find that the sculpturing is of specific im- 
portance, with certain exceptions. According to her within the Seiaginellaeeas 
{Knox 1988, pp. 442, 448, figs 10-25) there are spores both of the smooth*wallsd 
and the warty type, with intergradationa of spinous and tubsrculate. 

In fossil spores too much confidence cannot be placed on the soalptt^g, 
as this character may not be well*pre8erved. 

My aim in classiflCatton is 'to make it convenisfit for deseidpHott: tthiilKit 
elbiiMbd that the classification adopthd'hers'is a nataial nne. AceCrdiotflfii, rMis 
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pMSenee Of absence of wings has been taken as the main feature on which the 
ciasidfieation is based. Further, from a study of spores, both living and fossil, 
it is found that the wing should also be taken as one of the constant features 
of spores. For example, Lycopodiales have unwinged spores with exceptions 
like Spenoerites insignia {Scott 1920, vp- 109, ITS; figs. 78 A, B Sli), Selaginella 
Parkeri, S. rupeatria and S. megaatachyaiKnox 19S8, p. JUS; figs. XS-25). In the 
Pteriodosperms the microspores are unwinged; those in the Cordaitales have 
one wing; and the pollen-grains in the Coniferales sometimes have charact- 
teristic bladders Exceptions are found in all the groups. 

According to Wodehouse {19S5, p. 25i) “the bladdery wings constitute a 
character that was originally quite separate from and far more ancient than 
the ancient furrow with which it is always associated among the modem 
spermatophytes-” Next to the wing importance is given to the slit- 

The classification followed here has its own limitations, and in no way 
is it claimed to be the last word on the classification of spores. 

Nomenclature. 

The nomenclature of isolated spores is as confusing as their classidcation. 
Each author follows his own method of naming the spores. Many of them 
use the name Pollenitea, to' distinguish microspores from Sporitea 
(megaspores) , followed by the specific name proposed by the author and 
pneeded by the generic name if that is known. Wodehouse {19SS, p- 482) in 
describing spores from the recent deposits, names them by adding the sufflx 
pitea (an abbreviation of Pollenitea) to the specific designation if the genus 
of the pollen species is known or to the genus if that is uncertain. 

According to the classidcation adopted by Lyuber, Valtz and Naumova 
{19S7, p. 80) the spores are divided into three groups, (a) Triletea, (b) Kfonoletea 
and (c) Aletee, According to the presence or absence of the margin each group 
is again subdivided into genera, e.g. (a) Zonotriletee, (6) Azonotriletea, etc. 
7hi sub'^gvoups are further divided into species as AzotjaotrUetea pwwttUatua. 

1 am rekietant to apply the nomenclature proposed by these authors to 
the spores described in this paper, and I do not propose adding to the con- 
fuilon. A more exhaustive study of spores appears to be aeoesSary before 
giving definite names to them. 

avoid some of the diffieqlties of nomenclature, the spores are pro- 
viainnaUr caUed ^^pore 1, Spore 2, etc. The group to which each belongs ip 
^mmted abhrevlatiow following it, for example, Spore t (/, i, a, %, (/) ), 
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where I, stands for on winged; /, no sHt; a, snnooth or granular surface; t. round 
or roundly triangular, thin or thick>walled, and (1) round thin wall (see below 
for a key to the classification). 

As stated before, this very artificial (even arbitrary), scheme of clas- 
sification has its own limitations; that is to say, all spores under Spore 1 need 
not necessarily be of the same species. 



Text-flgs 1—12. Diagrammatic drawings of spores to explain the special terms used 
n their description, ".—axis; ft.— body; A. . .B.— line representing the transverse axis ot 
the wlngr: C. . .D— line representing its vertical axis; m. a.— intramarginal attachment 
of the wing; m. o.— marginal attachment; r.— rim; si — sUt; to.— wing; Pigs. 1, 8, ll'proxt* 
mal side (dorsal view); figs. 2, 12*dista1 side (ventral view); flgs. 9, KKiaterai view. 

DfeSCRIPTIVE TERMINOLOGY USED. 

To follow the description of the spores more easily an attempt is made 
here to explain the special terms used. 

The spores are brought down to us in the flattened condition and, tiiere- 
fore, only the outline form is given in the description. In the ease of the 
triangular spores the measurements are given of the median (the line joining 
an angle to the middle of the opposite side), which is termed the cms (Text- 
fig. 4 a). The slit refers to the opening on the surface of the sporw, 
which might indicate either the tetrad mark (si. in Text-figs. 1, 8) or tbs 
furrow (si. in Text-fig. 12), as the ease may be. As defined by Wodehonse 
(19S6t p. 5#), the furrow is "a longitudinal groove or opening in tbe exine, 
either enclosing a germ pore or serving directly as the place of emisldon of 
the pollen tube, also generally serving as a harmomegatiios'* (a (nedhtfilsm 
^hicb a^ommodates a semi-rigid exine to changes in vohime), aii^ tlw 
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pore Is “a, poIlen*tube snlage or the place of emergence of the pollen tube, 
generally denoted by a rounded papilla. " 

In sane of the one-winged spores a thickening is seen round the body (r. 
in Text-flgs. 6-7). This is termed the rtm, and it is generally found associated 
with the wing. This corresponds to the thickening seen in the case of the 
two-winged spores (Text-fiig. 8, r.) 

When the spore is one-winged and when the wing is not of uniform 
width, the axis represented by the line A— Bin Text-iig. 6 is termed the 
tra?i8verae axis while C— Bis the vertical axis. The same terms are used in 
the case of the two- winged spores (Text-fig. 8 A — B ; C—D). 

Generally, spores can be viewed in three or four different planes. The 
side towards the tetrad is the proximal side (Text-figs. 1, 3, 11) and when 
viewed from this side the spore presents the dorsal view. The tetrad mark 
when present is seen in this view (si. in Text-figs. 1, 8) The side opposite 
the proximal is the distal side The view of the spore is then the ventral view 
(Text-figs. 2, 12). Text- figs. 9, 10 represent the two lateral vievie. 

The attachment of the wing may be either marginal (when it gets free 
from the margin of the bodyi as seen in Text-figs. 5,6 (m. a.) or intra- 
marginal (when the wing is free before it reaches the margin— i. ^n.a. in 
Text-figs. 7, 8). 

Key to the classification. 

N.fi.— Sea outline iketcbeB in Xext-flR. 13. The mceauremente ire given in M- 

I. UN WINGED. 

I. No Slit. 

a. Smooth or granular — 

1. Round to roundly triangular; amootb; wall tbin or thick ; longest axia 20*60: 

(1) Round to broadly elliptical; wall thin; 26-60 

(2) Round or roundly triangular; wall thick; 40-60 
ii Broadly alliptioal; granular; wait thin; 140-260 long: 

(1) Lan than 200 

(2) Mora than 200 

III Bilataitt tatradaj alliptieal to raniform; granular: wall thick: 

fl) 60*100 long ... ... ... ... 

iV. Lebad; amaotb; wall thick: 

(1) Bight lobad; 60 • ••• ••• 

- ■ ■ * . 1 ’ ■ --- ■ ■ ... 13 - 

Text4f a Outliaa aketehM of sporoa to accompany the kay to the cJaaaifieation. 

kl\ magnifled 96 ^metars except Spore 55 (X96) and Spora 99 (XlOQ). , 
The iMimlbere tolova each figure indicate those of .eporee in the descriptive 
pert. Spore 90, S$ and Spore 96 are not fig jred, 


... Spore i, 
... Spore 

... Spare 9, 
... Spore 4. 

... Spore 5, 

... Spore 0.' 
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b. 

i. Round or roundly triangular; apinaa loniT* pointa4} 80^70: 

(1) Approximataly round; wall thin; oa. 70 ... ... Spur* T, 

(2) Roundly triang^ular; ca. 30*60 ... .. ... SpOra 8 

c. ru6#rontata~ 

i. Round; tuba Fclaa amall ; 

(1) 66 ... ... ... ... ... Spora P. 

2. RLaNflATia Slit. 

a. Sift witL tapering ende^ 

i. Round to alliptical; alonsrated slit or fold; amooth; will thick: 

(1) Elliptical; alit 2/8 the leofifth of apore; 66*H5 ... ... Spore iO 

(2) Approximately round; lonfitudinal fold; 60.80 ... ... 5para fi. 


6. Sitt with bulging anda— 

1. Spbarieal to oblata; aKt as lonjp aa tha apore. anda bulfirin^; amooth or 
faintly granular; wall thin; 40*90: 

(1) Approximately round; 40x41 ... ... ... ... Spore IP. 

(2) Round to broadly elliptical; 80*90 ... ... ... 9pora 28, 

0 . wtth thickened margin^ 

L Elliptical; aiitaa long aa the apore, margin thick , flap-lika; amooth or 
faintly granular; wall thin: 

(1) Spore 66X88 ... • 4 * ... ... «»• Spcffen, 

S. TaiRADlATB SUT. 

a. Smooth or granular^ 

i Round; triradiate aht, arms short; folds on the surface; finely granular; 
wall thin: 

(1) 104-6x102 ... ... ... ... ... Spore 16 

ii. Roundly triangular; knob at one angle; triradiate aMtor thickening; 

amooth; wall thick: 

(i) Triradiate alit; 40x88 ... ... ... Spore 28 

(2} Triradiate slit; 68 ... ... ... ... ... Spere if, 

(8) Triradiate thickening; 58 ... ... ... ... Spore 16. 

iii. Elliptically triangular; triradiate cavity, arms reaching to the angles: 

(1) Longest axis 80 ... ... ... Spore 19. 

Iv Triangular; knob present or not; triradiate slit, arma short; amooth; wall 
thin: 

(1) 60-70 ... ... ... ... Spore 90, 

V, Triangular; triradlato c ivity, arma roaoh to the anglaa, maaftna thtiokon-r 
ed; amooth; wall thin: 

(1) Axis 62 ... ... ... ... Spore 92, 

64 Wrinkled^ 


i. Round to angular; triradiate fold; wrinkled, wall thick: 

<l) ▲Jda74 

e. ^iiMwe— 

I, Jtowid to angular; triautete alit; onno akmrti: ladda tnamai 
< 1 > 5 * 8-40 


SfiOtVI 99, 
Spore Hf 
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b. 


li. TritnguUr; trindisto slit^ armb t^g; Vpinci eomparatively long: 

(1) Axla64 ... ... ... Spor 0 $ 4 . 

TuberaulaU~~ 

Round; triradinte thkk«oing» arma roach to the margin; tubarcloa abort, 
in cloao eoneentrie circloa: 

(1) 60 ... ... ... ... ... ... Spor0 tf. 

ii. Triangular; tri radiate cavity, arma long, margin thickened; tuberclea 
rather large: 

(1) 00 ... ... ... ... ... ... Spare t0. 

lii. Triangular; triradiate cavity, armi long, margin thickened; tuberclea 
rather large: 

(1) 68 ... ... ... ... ... ... Spore i7, 

II. ONK-WIMGEO. 

1. No Slit. 

Badff round— 

i Spore approximately round; body round, dark, granular; wingt to i the 
diameter of the body, eoaraely granular: 

(1) Wing t the diam of body; apore 77X 64 ... ... ... Spore fg. 

(2) Wing 4 the diam, of body; apore 96x92 ... ... ... Spore 09. 

Body eUtptieal^ 

i. Spore elliptical; outline of body not clear; wing ellgfatly pitted: 

(1) Spore 188 long **« *«. ... ... Spore SO. 

(2) Spore 168 long tt. »#• »•» .Vf Spoie SS. 

(8) Spore 258 long ... ... ... Spore St 

li. Spore elliptical; body thin walled; wing finely granular: 

(1) Spore 146 long ... ... ... Spore SS. 

ill. Spcfra elliptical; bodiy thick walled; wing eoaraely granular: 

(1) Spore 167-168 long ... ... ... ... ... Spore Si. 

iv Spore elliptical; body dafk; attachment of the wing imra-marginel, 
iligbtly pitted: 

(1) Spore 150 long ••• .*• *•« «*• .t. Spore 85 

Body irianyiiiar^^ 

i. Spdre round; body roundly triangular, dark; wing radially striated: 

(1) 71 in diameter ••• ••• ... Sport M. 

3. BLOHOftTltO SUT. 


a, Slit loHg antl troaHI^ 

I. Spon roniid to slliptleil; wsll ttrin; whif 'eolirNly anauIvY: 

<1) ElllptiMi; ilit lopt «nd broad; winf the longth oT the 

body; iporo 184 long •M •.< 000 Sport 97, 

(» Roaad to broadly HlfHilitlCkl; 'ilit toav and narrow; apora 880>2td 

long •*t 0*^ *»* *.k .»■ Sport 9%, 

(8) Broadly alliptieal; wing 4 tba langtb of the body; apore 337 long... Sport 99. 


t. Slit trmmt9miimpod0o 

I- Sport olllptieal; body alliptieal; rim thick; wing coaraolygianttlar: 
(1) Spora 110>130 tong ... ». »• ••• 


... Sporo 40. 
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8. Triraumtb SUT. 

а. fVing flat — 

i. Spore roundly triangular; body roundly irianfirular; triradiate mark* 
arena extend to the margin; wall thick; wing flat, convoluted: 

(1) Axib 60 ... ... .. ... ... ... Spore 

б. 6/ttdrfer'^tAe— 

f. Spore round to elliptical; body round to elliptical; triradiate slit, arma 
short; rim thick; wing bladder-like frilled or flat -g- to ^ the diameter 

of the body, tendency to bo two winged, attachment marginal or 
intra-marginal, radially striated: 

(1) Wing frill like, Bporo 55-70 long ... ... ... Spore Ai. 

(2) Winj» frill like; spore 74-86 long ... ... Spor 4^ 

(2) Wing frill like; spore 90-105 long ... ... Spore a4 

(4) Wing flat, - the diam. of the body; spore 80-100 long SporM 45 

(5) Wing flat, ^ tO“ the diaru. of the body; spore 118 Spore 46 

(6) Wing flat, 4-i the diam. of body; spore 06-76 ... ... Spore 4? 

(7) Wing flat, i-i the diam. of body; spore 96-110 ... ... Spore 45. 

(8) Wing flat, 4-i the diam. of body; 116-120 ... ... ... Spore 4P. 

(9) Wing flat, 4*i the diatn. of body; spore 140-160 «e« ses Spo*e SO 

(10) Wing flat, H the diam. of body; spore 170-180 ... Spore 51. 

(11) Wing flat. 4-i the diam of body, spore 284 ... Spore 5f* 

(12) Wing flat, 4-i the diam of body; spore 78-92 ... Spo/ie 55. 

(18) Wing flat, 4-4 the diam. of body; spore 146 ••• **» Spore 54. 

(14) Wing flat, i-4 the diam, of body; spore 228 Sppre 55. 

(16) Spore elliptical; body round; vertical axis of the wing the 

transverse diameter of the body; spore 80-106 .. Spore 55, 

(16) Spore elliptical; body round; vertical axis of the wing ~y the 

transverse diameter of the body; epore 110 Spi>re S7, 

(17) Spore elliptical; body round; vertical axis of the wing the 

transverse diameter of the body; spore 182 *•< Spore St 

(18) Spore elliptical; body rpun^; transverse axis much longer than 

vertical, attachment of the wing on either aide iatra-margmal. 
pronounced tendency to be double winged; ipore 197 ... Spars 55^ 

(19) Same as above; wing above and below a little more redooed; 

spore 107 •*. •«. .*• Spore SO. 


111 . TWO-WIMGBD. 

1. Mo Slit. 

a. Body round— 

{. TransverM axia of wing i and vertical axia oiore or laaaiaBM M that of 
the body: 

’ (1) Body 74 x 60; win* 82x62 


ifi 


... Spore fi 
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ii. Transverse axil of wing i and vertical axis that of tbs body; 

« (1) Body 42; 11109 22X60 ... ... ... Spore df. 

Hi. Transverse axis of wing f and vertical axis li times that of the body: 

(1) Body 88x80; winir 58x120 ... ... ... ... Spore M, 

iv. Transverse axis same, vertical axis 14 times that of the body; wings 

reniform; 

(1) Body 40-60; t.a. 86-60, v.a. 60-85 ... ... ... Sfore 84. 

(2) Body 100; t.a. 70-100; v.a 124*160 ... ... Spore 85. 

v. Transverse axis and vertical axis U times that of the body; 

(1) Body 82-48; t a. and v.a 46-60 ... ... Spore 88, 

vi Transverse axis twice and vertical axis U times that of the body; wing 
fused or separate; 

(1) Body 84X22; wing 44x38 ... ... ... Spore ^7. 

(2) Body 84-42; t.a. 60-80; v.a 50-70 ... ... Spore 88. 

(8) Body 62-80; t.a 100; v a. 77 ... ... .. ... Spore 8P. 

vli. Transverse axi? 1^ and vertical axis thrice that of the body; 

<1) Body 24x88; wing 88x08 ... ... ... Spor$ TO, 

b. Body slliptioal^ 

I Wings attached parallel to the body; body broadly elliptical: 

(1) Body 84x64; wing 32x70 ... ... ... Spore 72, 

ii. Wings attachsd parallel to the body; body narrowly ellintical: 

(1) Body 26 x 58; wing 68x91 ... ... ... ... Spore rs, 

in. Winga attached at right angles to the body; body broadly elliptical; 

(1) Body 100x 60; wing 65 X 76 .. ... ... Spore 7S 

2. Elongated Slit. 

a. Slit uith tapering ends— 

i. Body not striped, round to elliptical; slit long and vertical; wings not 
differentiated from each other, pitted; 

(1) Body elliptical in the vertical plane; 26x49 ... ... Spore 7k. 

(2) Body elliptical in the vertical plane; 28 x 47 ... Spore 7S. 

(8) Body round; 68x 67 ... ... ... ... spore 76. 

li. Body stripedi triangular in lateral view, rounder broadly elliptical in 
vsntral view, wall thick; wing bladder-like, transverse axis i to U 
times that of the body— Pievoepontes: 

(1) Traoeverse axis of wing i that ot body; body 86 x32; t.a, wing 18 Spore 77. 

<2) Traniveras axis ot wing i that of body; body 60X82; t.a. wing 26 Spore 78. 

(8) Tranevene axle of wing i that of body; body 70x60; t.a/wing 41 Spore 78. 

(4) Transverse axis of wing | that of body; body 69; t.a. wing 60 ... Spore SO, 

(6) Transverse axis of wingf that of body; body 42 x 54; t>a. wing 27x80 Spore 81. 

(6) Trmneverie axis of wing i that of body; body 68 x 67; t.a. wing 

41X44 t»« ■*. *•» ,«• Spor4 M. 

(7) Tiastwrw axli of wing | thot of body; body 74x80; t.«. wing 

48X$0 •#« ••• Spare 88, 
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(8) Transverse axis of wing same as that of body; body £6x27; t.a. 

wing 23X30 .. ... ... Sfore 

(9) Transverse axis of wing same as that of body; bf'dy 22 X 82; t a. 

wMgS4 .. •> **• *•' Spofc 85, 

(10) Transverse axis of wing same as that of body; body 36; t a. wing 

27 ... ... ... . "« 

(11) Transverse axis of wing same as that of body; body 40x62; t. a. 

wing 40-68 .. . • ... ••• *•. 87, 

(12) Transverse axis of wing 1) times that of body, wings fused; body 

30x87; t.a. wing 45X47 .. ... ... ... Spore 8s, 

(13) Transverse axis of wing H times that of body, wings fused; body 

42x60; t.a. wing 66 ... ... ... Spore 89. 

(14) Transverse axis of wing 14 times that of body, wings fused; body 

38X43; t.a wing 47 ... ... .. ... Spore 90 

(]5) Transverse axis of wing I 4 times that of body; body round to 

elliptical 30X44; t.a. wing 66x76 ... ... Spore 91. 

(16) fransverse axis of wing li times that of body; body triangular, 

40; t.a, wing 66 .. ... . . Spore 9^, 

6. Slit with thirkfined margin — 

1 . Body elliptical, slit as long as the body, thickened on the margin, like 
an operculum; wing considerably bigger than the bodyt 

(1) Body 48X60, wing 66X87 ... ... ... S'fore 98. 

IV. FOUR-WINGED. 

1. No Slit. 

а. Body opherioal^ 

i Wings three, attached on the aides, equidistant, surface pitted; 

(1) Body 30X4; f. a. wing 27 ... ... ... ... Spore P4 

б. Body flattened^ 

i. Body round, margin thickened; wings ?lobed; 

(1) Body, 68x46; t.a. wing 17 ... ... Spore 96 

ii. Body round, margin thick; wings separate, attachment intra-marginal: 

(1) Body 60, e. a. wing 29 ... ... ... Spore 96. 

lii. Body elliptical, longitudinally and transversely striped, dark; wings 
radially striated: 

(1) Body 60 x 48; t.a. wing 88 ... ,,, ... ,,, Spore 97. 

DESCRIPTION. 

1 . Spores from, li ft. above the Talchir Boulder Bed, Kathwai, 

Salt Range. 

Pjs. 1, 2; Text-figs. 14-28. 

Locality and horizon: Figs. 1. 2, give an idea of the aaetioii exposed 
atKethwai ofthe Talcbir Boulder bed (B.) resting, directly on the Purple 
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Sandstone (p.s.). The alternate bands of sandstones (s.s.) and thin layers of 
carbonaceous shales ^c.a.) above the Boulder bed, which form the base of the 
Speckled Sandstone series, are also clearly seen. It isfrom these shales li ft* 
above the Talchir Boulder bed (marked x in fig. -l) that the spores were 
obtained. 

One of the boulders of the glacial conglomerate along with the sandy 
matrix collected from Kathwai was sent to Mr. D. N. Wadia for confirmation. 
In a letter to Professor Sahni, dated 12th November 1937, he expresses the 
opinion that “ The specimen labelled ‘Talchir boulder’, though not a typical 
one, is evidently derived originally from the boulder-bed. The matrix, how- 
ever, suggests that the boulder was collected not from the boulder-bed proper, 
but from a newer bed overlying it, — for the matrix is definitely not glacial, 
but ordinary clastic sandy sediment This is important, because the glacial 
matrix of the Talchir boulder-bed of the Salt Range is a highly characteristic 
dense sticky clay. I think the specimens belong to a stratum composed of 
reassorted Talchir boulders and pebbles overlying the glacial bed. The 
difference in age, however, is not likely to be considerable.” 

Mr. E. R. Gee, however, stated in a letter to Professor Sahni that the 
glacial matrix is gritty. 

Regarding the age of this low horizon Professor Sahni (19S8, p. 16), writes 
“the interval represented by the overlying ti feet of sediments must have been 
so short that the lowermost of the spore-bearing horizons may be taken to be 
approximately of the same geological age as the glacial bed.” 

ilfotcnai.-— The dark shales from this horizon are comparatively fragile. 
No plant impressions could be found on these shales, except for some indefi- 
nite marks: the spores were numerous, but badly preserved. 

Unwinged Spores. 

Spore 1 (I, 1, a, i, (1).) 

PI. 1, fig. 8. 

Spore approximately round; surface smooth; wall thin, 824f»x28M. 

Spore 1 from the 4i ft. horizon (PI. 3, fig. 24), the Pali b^s (PI. 10. 
fig, 12e) and Bacchus Marsh (PI. 14, fig. 178) are slightly digger than 
the one just described here. Their shape too is somewhat different. This may 
be dpe to either the presence of folds on the surface or bad preservation. It 
dioes not mean that all these spores belong to the sam'e species or even to the 
saW genus. Owing to their similarity in structure they are grouped together. 
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Occurrence: — 

» 4i ft. horizon, Kathwai, PI. 3, fig. 24. 

Pali beds, Rewa, PI. 10, fig. 128. 

Glacial tillite, Bacchus Marsh, PI. 14, fig. 178. 

Spore 6 (1. 1, a, iii, (1) )• 

PI. 1, figs. 4. 6. 

Spores in bilateral tetrads; individual spores of either similar shape and 
size or not, shape of an individual oval to reniform; surface finely granulated; 
wall thick (not seen in tetrads), radially striated. Average individual 
70f* X 36 m: wall 7 m thick. 

These spores have a striking similarity to Spore 5 from the 20-26 ft. 
horizon (PI. 3, figs. 31, 82) and Warchha (FI. 6, figs. 63,64), in their tetrad 
formation and the shape, size and structure of an average spore. It is possible 
that these spores belong to plants of at least the same genus, if not the sam 
species. 

Occurrence:— 

20-25 ft. horizon, Kathwai, Pi. 8, figs. 31-38. 

Warchha, PI. 6, figs. 63-66. 

Spore 13 (1, 2, b, i, (2) ). 

PI. 1, figs. 6, 7. 

Spore round to broadly elliptical; surface faintly granular; wall thin; 
longitudinal slit extending to the wall of the spore, ends bulged out and 
rounded. 

The following are the measurements:— 

Fig. Body. 

6 90!mx86m. 

7 82mx8^. 

These two spores resemble Spore 12 from the 20-26 ft. horizon of Kathwai 
(PI. 3, fig. 36) except in size. 

Our spores can be compared to a certain extent to those of the Bonnet* 
titales, ( Wodehouae 1985, p. 227) especially in their characteristic longitudinal 
slit. The prothallial tissue, which, according to Wodehouae, is also chamc* 
teristic of the Bennettitalean spore, is not observed in ours. In size too ^ 
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latter are sligrbtly bigirer than the Bennettitalean spore, which ranges from 
20fi to67M> 

We cannot but notice a resemblance of the spore in PI. 1, fig. 6 with the 
s^ore of Cycas, ( Wodehouee 1985, v 286; fig. 76 A, o). but the latter are evidently 
smaller than our spores. It may be rash on my part to draw any close com- 
parison of our fossil spores with those of the Gycadales. However, it is not 
unreasonable to think that our spores belong to the Cycadophyta. 

One-winged Spoues. 

Spore 36(11, 1, c, i, (1)). 

PI. 1. fig 8; Text-fig. 14. 

Spore round; body roundly triangular, very dark; wing frill-like, radially 
striated Diameter of spore (including wing) 71^; axis of body 44#i. 

'Hie body is slightly broken on one side. 



Taxt-flgi, li— 17. Camera lucids drewinge of eome of the spores from the 1} ft. 
herisoB, Katiiwai, all X 260. Fig. U-Sport 36, also shown in PI. I. fig. 8. Fig. 16-Spor« 40, 
•i.-slit: the clear space below it is probably a fracture of the body (PI. I, 9). pif. le.- 
Spors M, (PI. II, fig. 17). Fig. 17.-Spor« 64, shown in PI. II, fig. 18. 

Spore 40 (II, 2, 6, i, (1) ). 

PI. 1, fig. 9, Text-fig. 15. 

Spore elliptical ; body elliptical ; slit (fig. 9, el. ; Text-fig. 16, si.) narrow 
aaderesoent ehaped: surface smooth or faintly granular: rim thick; trans- 
verse axis of the wing more than the vertical axis, radial striation faintly 
merited. .« Body rim 8u; transverse axis of the wing 2^ vertical 

exis 
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In size, shape and structure this spore resembles Spore UO from Warehfaa 
represented in PI. 6, fig. 80. 

Occurrence 

Warchha, PI, 6 fig. 80. 

Spore 42 01, 3,5, i, (1)). 

PI. 2, fig. 10: Text-fig 18. 

Spore broadly elliptical; body broadly elliptical, dark; triradiate mark 
not seen; rim thick; wing bladder- like, frilled and radially striated. Spore 
68|ix52/i; body dbpxSSp; rim lOp. 

This spore can be compared with Spore 3t2 from Rewa shown in PI. 11, 
fig. 140, which is more round. The triradiate mark is also clear. 

All the ^pore.s referable to 'spore 42 to Spore 60 {see above key to the "classi- 
fication) show a remarkable resemblance with each other in their fundamental 
features, such as, the round or elliptical body with a triradiate slit, the thick 
rim, and the frilled or fiat wing extending all round the body (equatorial)- 
The characters by which the individual species is distinguished are the size of 
the spore, the nature of the wings, whether frilled or flat, and the propor- 
tionate size of the body to the wing 



Ttxt-fig. 18. Reconetruettd drawing of tho eroM-oection (A) of one of the one-winged 
spores (B) from the groups Spore iS-Sport 80. h.-body; «.-exine; r.-rim; to.-wing. 

Repeated attempts were pade in vain to study the spores by swelling in 
caustic soda. Microtome sections would have helped the detailed study of the 
spores; but it was difficult to get them together in large quantities. 

These spores recall those of Spenoeritea, (Kubart, 1909, pp. 1-7’ /or S. Pfism- 
branaceua; Scott 1920, pp. 169, ITS, figs, TSA, B, 8A for S. ina^ia), where the 
body is slightly flattenec^ and the wing is bladder-like- A reconstructed cirdss- 
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section of the spore may not be far different from what is shown in Text'iig. 
18A. the win? ( PT.) is interpreted here as an extension of the exine (e.)> the 
body (b.) being: partly flattened. From where the exine gets free from the 
body to form the wing, a thickening is seen (r.), which can be compared with 
that seen in some of the two- winged spores (PI. 6. fig. 86; PI. 7, fig. 104; PI. 8, 
figs 120*122). 

To a certain extent these one-winged spores also recall the abnormal 
spore of PinUB sylvestriB figured by Florin (19S6, pp. 6S8, 839; Text fig. U, 
c-e) Here instead of the two lateral wings placed on either side of the longi- 
tudinal furrow on its distal side, there is a single air-sac completely encircling 
the grain and placed distal ly without covering the proximal side. The dorsal 
view of such a spore will appear somewhat like the one-winged spore described 
above. Nevertheless, it appears more probable that our spores are construct- 
ed on the Spenceritea type rather than on the abnormal type of the Pinus 
pollen; for, almost all the one-winged spores present the same structure. 

A species of Podocarpus, P. macrophyllue, ( Wodehouee 1935, p, 277, 
fig. 79a), where in some cases the body of the pollen completely encircled by 
a frill, is also known. 

Occurrence;— 

Pali beds, Rewa, PI. 11, fig. 140. 

Spore 46 (II. 3, b, i, (4). 

PI. 2, figs. 11, 12. 

Spores round to broadly elliptical; body round to broadly elliptical; triral 
diate slit clear: rim thick; wing flat, h the diameter of the body, radially 
dtriated. 

Following are the measurements:— 


Fig. 

Spore. 

Body. 

Rim. 

11 

88m 

6aM 

4)1,- 

12 

97m X 79m 

79m X 67m 

4)1.. 


Spores in figs. 11, 12 are placed in the same species, as they reserabe 
each other in their general structure, except for slight differences in shape and 
size. Fig. 12 seems to have been round in shape, which now looks elliptica 
due, presumably, to bad preservation. 

Occunenoe:— 

4i ft, horison, Kathwai, PI. 3, fig. 27. 

Oaltongunj eohlfleld, Bihar, PI. 8, figs. 118*116. 
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Spore 47(11, 3, h, i, (6)). 

PI. 2, fig. 18. 

Spore round; body round: triradiate mark not clear in the photognph; 
rim thick : wing flat, i the diameter of the body. Spore 74i*; bodySOp,; rim 6|t. 

This spore is already figured in a previous communication. (Virkki, 1999, 
PL 1, fig.6; Text-fig. e.) 

Occurrence: — 

4i ft. horizon, Kathwai, PI. 3, fig. 28. 

Spore 49 (II, 8, 6, i (8) ). 

PI, 2, fig. 14. 

Spore similar to the above except for a difference in size. Spore 101|t x 
98tt; body 64/* x 61/*; rim 1/*. 

The body and the triradiate slit are tolerably well-preserved; but the 
wing seems to be transparent, probably due to bad preservation. 

Occurrence:— 

20-26 ft. horizon, Kathwai, PI. 4, figs. 46, 67. 

Daltongunj coalfield, Bihar, PI. 8, fig. 117. 

Pali beds, Rewa, PI. 11, figs. 148-146. 

Glacial tillite, Bacchus Marsh, PI. 14, fig. 185. 

Spore 61 (II, 3. b, i, (10) ). 

PI. 2, fig. 16. 

Spore similar to the one just described except for its decidedly largmr 
size. Spore 172/*; body 124#* x 97m; rim 8#*. 

Occurrence:— 

20-26 ft. horizon, Kathwai, PI. 4, fig. 48. 

Pali beds, Rewa, FI. 12, fig. 47. 

Spore 68 (II, 3, 6, i, (17) ). 

PI. 2, fig. 16. 

Spore broadly elliptical ; body approximately round; triradiate alit not 
clearly visible; rim thick; transverse axis of the wing longer than its verticd 
axis (i the transverse diameter of the body), radially striatedl Bodf 
96 m 76m; rim 11 m; transverse axis of the wing 22m: vertical axis 10 m. 
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The spore resembles those previously described in such features as the 
broad rim and the radiallj* striated 'vinor; but here a tendency is seen for the 
vertical axis of the winer to g-et shorter than the transverse axis. The spore, 
therefore, offers a transition to the two-winged type. 

Two-winged Spores. 

Spore 64 (III, i, a, iv, (1) ). 

PI. 2, figs. 17-19; Text-figs. 16, 17. 

Body approximately round, very dark ; wings two, transverse axis same 
and vertical axis times that of the body, reniform in shape. 


Following are the measurements of the spores : — 


Fig. 

Body. 

Transverse axis (wing). 

Vertical axis (wing). 

17 . , 

, . . 41'6a 

35il 

60m. 

18 . , 

, . . 45p. 

38p, 

70m. 

19 . , 

, . . 56/^ X 42p. 

45p 

70jj.. 


Sometimes the body of the spore seems to be split up into segments (fig 
19). This may be due to bad preservation. 

The spore in fig. 17 is slightly smaller than the other two. As the 
difference in size is not very marked it is placed in the same ' species 

Occurrence 

20-25 ft. horizon, Kathwai PI. 5, fig. 55, 

Warchha PI. 6, fig. 84. 

Spore 67 (III, i, a. vi, (1) ). 

PI. 2, fig. 20. 

Body approximately round ; wings two, not clearly demarcated from 
Mch other, transverse axis twice and vertical axis nearly 14 times that of the 
body. Body 34|iX22^ ; transverse axis of the wing 44 |l ; vertical axis 38|i,. 

Both the wings appear to.be fused above and below the body. This 
might mean that there is actual fusion of the two wings or that the dorsal 
view of the spore is presented to us. 
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PiTYOSPORlTBS Seward. 

Spore 86 (III, 2, a, ii, (10) ), Pityoaporitu sp. 

PI. 2. fig. 21. 

Body elliptical, stripes not clearly seen in the photograph, transverse 
axis of the wing nearly same as that of the body. Body SSftX 26|i, ; transverse 
axis of the wing 27pi. 

Occurrence : — 

Pali beds, Rewa, PI. 13, fig. 167. 

Spore 87 (III, 2, o, ii, (11) ), Pityosporites sp. 

PI. 2, figs. 22, 23. 

The spores in the above figures were already briefly described and 
figured in a previous communication {Virkki 19S7, p ; PI, XXXU, fig. S 
A, B.) as Pityosporitea sp. Both the spores present their ventral viewk. 

Body round to elliptical ; stripes six in number ; longitudinal slit seen 
in the spore represented in fig- 23 ; transverse axis of the wing same as 
that of the body. 

Measurements of the spores are as follow 

Fig. Body. Transverse axis (wing). 

22 i2p X 40fi 37|*. 

23 45)j.x40|i. 3/|i. 

This spore is removed from Spore 86 on account of its larger size. 

Occurrence ; — 

20-25 ft. horizon, Kathwai, PI. 5, fig. 60. 

Warchha PI. 7, figs. 94, 95. 

Jballewali PI. 7, fig. 105. 

Daltongunj coalfield, Bihar FI. 1, figs. 4, 5. 

Pali beds, Rewa PI. 13, figs. 168, 172. 

2. SPORES FROM 4i FT, ABOVE THE TALCHIR BOULDER BED, KATHWAf, 

Salt Kangl. 

PI. 8, figs. 24-30 ; Text-figs. 19-22. 

The shales, from which the spores described in this section were 
obtained, were collected from beds just 4i ft. above the Talehir Boulder ted; 
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Ktthwai (PI. 1, fig. !)■ No attempt is mada here to describe the 
locality, horizon and material as they have already been dealt with in detail 
above. 


Unwinged Spokes. 

Spore 1 (I, 1, a, i, (1) ). 

PI. 3, fig. 24. 

Description as for Svore l from the 1^ ft. horizon ( PI. 1, fig. 3), 
but the present spore is somewhat bigger. The slight difference in shape ia 
probably due to a fold on its right hand side. Spore 46|t,x38|i. 

Occurrence 

H ft. horizon, Kathwai, PL 1, fig. 8. 

Pali beds, liewa, PI. 10, fig. 128. 

Glacial tillite, Bacchus, Marsh, PI. 13, fig. 178. 

OnE'wingeo Spores. 

Spore 80 (II, 1, 6, i, (1) ). 

PI. 3, fig. 26. 

Spore elliptical ; body hardly recognisable ; wing probably covering 
the body all round, slightly pitted. Spore 138 mX98m. 

In all the spores of this type the outline of the body is ill-defined. This 
spore stands a close comparison with Spore SI from the 20-25 ft. horizon 
PI. 3 figs. 42, 48 and from Jhallewali PI. 7, fig. 102 in its shape and 
structure ; Spore 81 is larger in size. 

Spore S5 (II, 1, 6, iv, (1) ). 

PL 3, fig. 26, 19. 

Spore elliptical ; body (fig. 26, 6. ; Text-fig. 19, b.) elliptical, dark, 
with a broad, dark rim (r.) on the body wall ; wing radially folded and 
marked with dots (pitted). Spore 150|i.xl00(i ; body 74|iX48|i. 

The folds of the wing start from the rim ; this rim may be accidental 
or Ttmf Ycpraaeht the place from where the wing gats free from the hod;|r 
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(intranaarginal). It is not possible to say a slit is present, the body being ill 
preserved. 



Text- figs. 19*22. Camera lucida drawings of some of the spores from the 4| ft. horixon, 
Kathwai, all x 250 

Pig. 19. S’portf S5, 6.-body; r,-rim. This opore is shown in PI III, fig. 26. 

Fig. 20. Spom J^, triradiate slit is clearly seen (PJ, III, fig. 27), 

Pig. 21. Spore 7lt 6.-body; w-wing, (PI. Ill, fig. 29) 

Pig. 22. Spore 7$, body is split. This spore is also shown in PI. Ill, fig. 30. 

Spore 46 (II, 3, 6, i, (4) ). 

PI. 3, fig. 27; Text-fig. 20. 

Same as Spore JtS already described above. Spore 94 )l ; body 74)k 
rim 3|i. 

This spore is somewhat larger than the one already described* Two 
arms of the triradiate slit are clear, but the third is partly destroyed. 

Occurrence 

li ft. horizon, Kathwai, PI. 2, figs. 11, 12. 

Daltongunj coalfield, Bihar, PI. 8, figs. 113-116. 

Spore 47 (II, 3, 6, i, (6) ). 

PI. 8, fig. 28. 

Spore same as Spore 47 already described above but slightly npaller; 
trlrndkte mark not visible. Spore 65|jix68)i, ; body 46ux42a ; rim 6^. 
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This spore is already figured in a previous communication. Virkki 18S9, 
PL I, fig. 7. 

Occurrence t— 

ft. horizon, Kathwai. PI. 2, hg. 13. 

Two-winged Spores. 

Spore 71 (III, 1. b. i. (1) ). 

Pi. 3, fig. 29 ; Text-fig. 21, 

Body (fig. 29 6. ; Text-fig. 21, 6.) elliptical ; wing (w.) reniform, 
finely granulated, faint indications of striations present. Body 54n. x 84ji 
transverse axis of the wing 39fi ; vertical axis TOf*. 

The wings are attached to the body on either side parallel to its longer 
axis. One wing appears to lie over the body. 

Spore 73 (III, i, 6, iii, (1) ). 

PI. 8, fig. 30 ; Text-fig. 22- 

Body broad'y elliptical ; wings attached parallel to the shorter axis of 
the body. Body 100/* x 60/* ; (average wing) transverse axis 66/* ; vertical 
axis 76fi. 

3. Spores prom 20-26 pt. above the Talchiu boulder bed, KArHWAi, 

Salt Range. 

PI. 3, fig. 182— PI. 5 ; Text-figs. 23-36. 

Locality and horizon.— The description of the locality, horizon and 
material will be given in detail elsewhere. 

Unwinged Spores. 

Spore 6 (I, 1, a. iii,(l)). 

PI. 3, figs. 31-33. 

Spore 5 has already been described on p. (PI. 1 figs. 4, 5). Fig. 31 
represents a tetrad where the individuals (in two pairs) are of different sizes. 
The larg^er spores lying laterally in fig. 31 measure 68'6iuX42'6|i. on an 
average, while the others are only 61i»x47fi. Fig. 82 represents a tetrad 
where the spores are all separated. An individual spore is seen in fig. 88 
the position of which is doubtful in this ' species ’, as it is at least U tim es 
larger than the others ; but a reference of the spore to this * species ' is 
justified on the ground that the individuals of the same tetrad may vary 
Snutly in size. 
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Measurements of the spore are as follows 


Fig. Average of larger spores. Average of smaller spores. 

31 68-6m>^42'6#» 61»*x17m. 

32 86»*X86»* 70|i,x28|». 

33— body . . 110xX59fi ; wall, 16/*. 

Occurrence 


li ft. horizon, Kathwai. PI. 1, figs. 4, 5. 

Warchhs. PI. 6, figs. 63-65. 

Spore 10 (I. 2. o. I, (1) ). 

PI. 8, fig. 34, Text-fig 23. 

Spore elliptical, length 66/*— 83/*, breadth 45/*— 60/* ; slit longitudinal, 
2/3 the length of the spore, ends tapering *, surface smooth ; wall thick. 
Spore 66|tx46/*. 



Taxt. flga. 2S<80-Camera lucida drawinga of soma of the aporaa of the 20-26 ft. horlson . 
All X 260 

Fig. 2 S-Sfior 0 JO, longitudinal alit with taparlng ends ia clearly aaan (PI. Ill, flg. 2i> 
Fig. 24-Spor» 16, knob on the right side; triradiate slit ia a little towacda the u^ier half 
(FI. Ill, fig 36). Fig. 25-S/)ore 17, triradiate mark ia placed towards the lower half 
(PI. *V, flg. 37) Fig 2&-Spty't IS, three thickenings (flaps). This spore is shown in PI. IV, 
flg. 88. Flg, 27- Sfpora fo, folds on the body (PI. IV, flg 40). Pig. 26-Spore e$, triradiate 
slits in the two smaller spores are shown (PI. IV, flg. 41). 

Fig. 2S-Spore 4t, part of the body is torn and turned over covering two arms of the 
slit; on the upper half of the body rim is seen as two bands (Pl. IV, flg. 40). 

Fig. 30-Spore St, body is not seen; there are two folds lying at right anglea to |lscb 
other; triradisto slit clear (PI, V, fig. 49). 
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Spore 12 fl, 2, b, i, (1) ). 

PI. 3, fig. 36. 

Spore approximately round ; slit longitudinal, as long as the spore, with 
bulged out and rounded ends; surface faintly granular ; wall thin. Spore 
41m X 40m 

This spore resembles Spore IS of the H ft. horizon described above. ( PI. 

1, figs. 6, V) in its shape and characteristic slit, but the former is only half 
the size of those classed under Spore IS. 

Spore 16 (I, 3, o, ii (1)). 

PI. 3, fig. 36; Text-fig. 24. 

Spore broadly elliptical; knob on one side; triradiate slit clear; surface 
smooth, or faintly granular; wall thick. Spore 40m x 38 m: wall 3m- 

Spore 17 (I, 3, a, ii (2)). 

PI. 4, fig. 37; Text-fig. 26. 

Spore 17 \B more or less similar to Spore 16 (PI. 3, fig. 36) except for 
the larger size of the body and the more rounded form. Spore 68m; wall 4|l. 

The triradiate slit is seen excentrically placed (lower half of the fig.); 
perhaps this appearance is due to the lie of the spore. 

Spore 18 (I, 3, a, ii (3)). 

PI. 4, fig. 88; Text-fig. 26. 

Spore more round than angular; three thickenings instead of the slit. 
Axis 68m; wall 3m. 

The thickenings appear to be three flaps. The spore resembles Spore 16 
and Spore 17 in general shape, presence of the knob, smooth surface and thick 
wall. On account of the difference in the tendency of its body to become 
angular and the presence of the triradiate thickenings (? flaps), it is classed 
a different ‘species’. 

Spore 19 (I, 3, a, lii (1)). 

PI. 4, fig. 89. 

Spore elliptically triangular, sides of different length; triradiate cavity, 
arms reach the margin of the body; surface faintly granular; wall thin. 
Axes 80m, 74m, and 62m. 

Spore 20 (I, 3, o, iv (1)). 

PI. 4, fig. 40; Text-fig. 27. 

Spore roundly triangular; indication of a knob at one angle; triradiate 
slit clear; surface smooth; wall thin. Longest axis 67m. 

This spore can be compared wil^ Spore to from JhaUewali described on 
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p. (PI. 7, fig. 101). The latter is slightly smaller, and does not show any 
sign of a knob. However, the other features are common to both and they 
are placed in the same ‘species’. This spore is removed from Spores 17, 01, 
and 18, as the wall is quite thin. 

Occurrence:— 

Jhallewali, PI. 7. fig. 101. 

Spore 23 (I, 3, c, i (1)). 

PI. 4, fig. 41; Text-fig. 28. 

Spores round; size varying, diameter 32px40p; triradiate slit not clear 
in the largest spore (Text-fig. 28); surface either granular or faintly spinous 
(cannot be distinguished due to bad preservation), wall thin. 

Spores similar to these are very common in the preparation. They are 
seen to lie in groups or scattered. The folds on the surface of the spore 
might be accidental, for they are similar in their shape, size and structure to 
those obtained from the fertile fragment of sp. from the same 

horizon. 

The fact that similar folds are seen in the spores from the matrix of the 
shale as well as from the frond shows that they are similar in structure. The 
extreme thinness of the wall is probably responsible for the formation of the 
folds. The probability is that these isolated spores, some of which show 
slight variations in size and shape, belong to the same species and possibly to 
such fronds as ?Alethopt*(ri8 sp. 

These spores can also be compared to Spore 2S from Warchha describes 
on p. (PI. 6, figs. 71-73). The latter resemble the smallest in fig. 41 in their 
shape, size and general structure. 

Occurrence:— 

Warchha, PI. 6, figs. 71-73. 

One-winged Spores. 

Spore 31 (II, 1, 6, i (2)). 

PI. 4, figs. 42, 43. 

These spores resemble Spore SO of the 4i ft. horizon already described 
above (PI. 3, fig. 25) in every respect but in their larger size. They are, 
therefore, removed to another 'species'. 

Measurements are as follow :— 

Spore 

Fig. (including wing). 

42 164uxl23^ 

43 166ft >v120m 

Slight indication of the body is seen in the spore shown in fig. 42 
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Occurrence: - 

Jhallewali. PI. 7, fig. 102. 

Spore 32 (II, i, b i, (3)>. 

PI 4, fig 44. 

This badly preserved spore is broadly elliptical; the body is not clearly 
seen; but the central psrt of the spore is lighter in colour than the marginal 
region, Probably the body is destroyed or else it is quite transparent. Spore 
263>* X 176p,. 

Due to the apparent lack nf differentiation between the body and the 
wing, this spore is referred to the same group as Spore W and Spore SI. The 
marked difference in size has necessitated its removal to another ‘species’. 

Spore 48 (II. 3, 6, i (7)). 

PI 4, fig. 45. 

Spore round; body round; triradiato slit not seen in the photograph; rim 
not clear; wing k the diameter of the body, radially striated Spore lOOp.; 
body 70pt. 

This is distinguished from Spore 47 and Spore 49, on account of the 
difference in size. 

This spore has been figured in a previous communication. ( Vtrl;ki 19S9, 
PI. 1, fig. 9.) 

Occurrence:— 

Daltongunj coalfield, Bihitr, PI. 8, fig. 1 16. 

Glacial tiliite, Bacchus Marsh, PI. 14, fig. 184. 

Spore 49 (11, 3, 6, i (8)). 

PI. 4, figs 46, 47; Text-fig. 29. 

Spore 49 from the U ft. horizon (PI. 2. fig. 14) has already been 
described. 

Measurements are as follow:— 

Fig. Spore. Body. Rim. 

46 llSiiXllOp, 79pL 

47 118|a 83iix80ii 

The spore shown in fig. 46 (Text-fig. 29) is better preserved. The trira- 
diate slit is faint. Part of the body is turn and turned over itself. The rim 
St this place is seen in two bands. 
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Opcurrence:— 

li ft. horizon, Kathwai, PI. 2, fig. 14. 

Daltongunj coalfield, Bihar, PI 8, fig. 117. 

Pali beds, Rewa, PI. 11, figs 143-146 

Glacial tillite, Bacchus Marsh, PI 14, fig. 186. 

Spore 61 (11,3, 6, i (10)). 

PI. 4, fig. 48 

This spore is similar to Spore 51 from the 14 ft. horizon, which has 
already been described on p. (PI. 2, fig. 15). Spore 176|i x 164jj,; body 126|i 
X llGp,; rim 12ji 

This spore can also be compared to Spore 51 from the Pali beds, Rewa. 

Occurrence: — 

14 ft. horizon, Kathwai, PI. 2, fig. 16. 

Pali beds, Rewa, PI. 12, fig. 147. 

Spore 62 (II, 3, 6, i (11)). 

PI. 6, fig. 49; Text-fig. 30. 

Spore badly preserved; round; 234^1 xlSSji, in size. 

The margin of the body is not clearly seen There are two folds in the 
middle of the spore lying at right angles to each other, probably forming part 
of the body. The presence of the triradiate slit and the radially striated wing 
identifies its present position; but the difference in size gives it a place in a 
different ‘species’. 

Spore 63 (II, 3, 6, i (12)). 

PI. 5, figs. 60, 61. 

Spores not well-preserved; round: varying slightly in size; triradiate 
mark not seen in the photograph; wing i to 4 the diameter of the body, 
radially striated 

Measurements are as follow:— 

Fig. Spore. Body, Rim. 

60 80|i, 48|t, 

61 78p.x74ii 42n 4|i 

In their sh^pe, size and structure these spores show remarkable resem- 
blance to Spore SS from the Pali, beds, Rewa (PI. 12, figs 148, 149). 

Occurrence:— 

The spore represented in fig. 51 is figured in a previous paper. ( Virkki, 
1989, PL I, fig. 8; Text- fig. f). 

Pali beds, Rewa, PI. 12, figs. 148, 149. 
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Spore 54 (II, 3, 6, i (13)). 

PI. 6, fig. 62. 

Spore round; triradiate mark not preserved. Spore 146/*; body 82nx74jt; 
rim 10/i. 

This spore resembles the one described above in its shape, structure 
and proportion of the winsr to the body. However, this is placed in another 
‘species' for its difference in size. 



Text-figs. 31-36. Camera lucida drawings of soipe of the spores from the 20-25 ft. 
horizon, all x 250 Fig 31. Spore two-winged spore (P! V, fig, 53). Fig 32. Spore 
demarcation of the two wings not dear, cle^rspa^e in the body may be a fracture (PI. V. 
fig 64). Fig. 3'^. Spore 6Uf body u split into fragments, probably due to the mode of 
preservation (PI V, fig, 65) Fig 34. Sp ^re 89, f^ttyospo? it^a sp , probably the spore pre- 
sents the dorsal view; transverse stripes of the body clear (PI V, fig. 68). Fig. 35. Spore 96 , 
three-winged spore, wings not free from each other (PI. V, fig. 61). 

Two-winged Spores. 

Spdre 61 (III, 1, a, i (1)). 

PI. 6, fig. 63; Text-fig. 31. 

Body approximately round; surface finely granular; wall somewhat thick; 
wings reniform; transverse axis half and vertical axis same as that of the 
body; radially striated. Body 74(j,x70|j[.; transverse axis of the wing32|t; 
vertical axis 62tJi. 

Spore 62 (III, 1, a, iil (1)). 

PI. 6, fig 64; Text*flg. 32. 

Body round, very dark, a slit present in the middle of the body 
(perhaps accidental); transverse axis i and vertical axis li times that of the 
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body, radially striated. Body 42ft; transverse axis of the wing 22|i,; vertical 
axis 50|i 

Spore 64 (III, 1, o, iv (D) 

PI. 5. fig. 55; Text-fig 33 

Spore 64 has already been described above (PI. 2, figs. 17-19). The 
spore in fig. 66 is slightly larger than those classed under this ‘species’. Body 
63}).Xf)8(j,; transverse axis of the wing 48jj.; vertical axis 79p,. 

Some cracks are visible on the b )dv which may be due to bad preserva- 
tion. 

Occurrence: 

H ft. horizon, Kathwai, PI. 2, figs. 17-19. 

Warchha, PI. 6, fig. 84 

Spore 65 (III, 1, a, iv (?)). 

PI 5. fig- 6>. 

Spore 65 similar to Spore 04 except in size. Body 107|i x lOOji; transverse 
axis of the wing 74jji; vertical axis 12'ln 

The difference in size is so well marked that it warrants the inclusion of 
the spore in a different ‘species’ 

Spore 68 (111, 1, a, vi (2)) 

PI. 5, fig. 67. 

Spore similar to Spore 67 from the ft. horizon described above (PI 
2, fig. 20) except in size Bodv slightly angular, dark; wings fused above 
and below with a depression above. Bodv 42(t x 36p,; wing 70|i, x 74ji, 

The depression already mentioned abovf probably indicates the line of 
demarcation between the two fused wings. 

Occurrence:— 

Pali beds, Rewa (PI. 12, fig. 166). 

PlTYdSPOKlTES Seward. 

Spore 83 (III, 2, a, ii (7) ). Pituoeporitea sp. 

PI. 6, fig. 68; Text-fig. 34. 

Body round, transversely striped; transverse axis of the wing i that of 
the body. Body 80|i; wall 5'5|i; transverse axis of the wing 
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The spore is referred to Pityosooritea on account of its characte -istic 
structure. The proportion of the body to the wing is quite different from 
that of Pityoaporitee aewardi, (Virkki, 19S7, pp. Ji28-4S0; PI S2, fioa, J, 
A-C, S). Hence this is referred to a different ‘species’. 

Occurrence:— 

Warchha, PI. 7, fig. 92. 

Pali beds, Rewa, PI. 13, fig. 162. 

Spore 84 (III, 2, a, ii (8)), Pityoa< ontaa aewardi. 

PI. 6, fijr. 69. 

The spore presents the lateral view. Body .slightly triangular, transverse 
stripes faintly seen, wall thick; transverse axis of the wing ame as that of 
the body. Body 31|j,y27n wall 4pL; transverse axis of an average wing 6\ |jl. 

This spore resembles Pxtyo^porites aewardi {P\. 15, figs. 190-191, B. 192) 
in its general shape and size. The right wing in fig. 59 is slightly larger 
than the left; but this may be due to the mode of preservation 

This spore can also be compared with Pityoapontef. aewardi trow the Pali 
beds, Rewa, represented in PI. 13, fig.s. 163-165 in shape, size and structure 

Occurrence;— 

Pali beds, Rewa, PI. 13, figs. 163-166. 

Permo-Carboniferous shale, Newcastle, PI. 16, figs 190 B, 191, 192, 
Spore 87 (111, 2, o, ii (11), Pitvoaporitea sp 
' PI. 6, fig. 60. 

Description of Spore 87 has already been given on p, (Pi. 2, figs, 
2,23). The stripes and thick body wall are clearly seen. Body 40.5p,.' 
Sin; wall 2^-, transverse axis of the wing 40|t. 

Occurrence:— 

li ft. horizon, Kathwai, PI. 2, figs. 22, 23. 

Warchha, PI. 7, figs. 94, 95. 

Jhaiiewalli, PI. 7, fig. 106. 

Daltongunj coalfield, Bihar, P). 1, figs. 4, 6. 

Pali beds, Rewa, PI. 14. figs. 168-172. 

Three-winged Spores. 

Spore 96 (IV, 1. 6, i (D). 

PI. 6, fig. 61; Text.-fig. 36. 

Body approximately round; wall fairly thick; wings three, attachment 
margingl, not free from each other. Body 68ybX46|i; average wing i7(i. 
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4 Spores and other organic remalnS from just below the 
Middle Productus Limestone, Warchha, Salt Range. 

Pis. 6, 7, fig. 99; Text-figs. 36-60. 

Locality and horizon. — A detailed account of the locality, horizon and 
material is given in another paper. 

Thachbid. 

PI. 6, fig. 62 

PI. 6, fig. 62 represents one of the bits of tracheids obtained during 
maceration of the shale. This piece shows four series of contiguous bordered 
pits which vary in form from round to almost hexagonal. The pits are mostly 
alternate, rarely opposite and measure lOp, in breadth, with a border 2|i broad 
The pores are invariably round. The cells of the medullary rays are not 
observed. 

Affinitiea—The tracheid from Warchha differs from that of Vertebraria 
indica described by Walton and Wilson {19Sl-193t, p. SOS; PI. 2, fige. 4-7), on 
many points. The tracheids of V. indica have the pits irregularly bordered 
and the pores are definitely elliptical in shape. Moreover, the pits are slightly 
flattened and they have a tendency to be arranged in horizontal rows. 

In the absence of other internal parts of the wood it is difficult to assign 
this tracheid to any of the known types of Palaeozoic stems. Two or three 
series of alternate, hexagonal pits are met with*in many Palaeosoic woods. 

Unwingbd Spores. 

Spore 6 (1, 1, a, Hi (1)). 

PI. 6, figs. 63-66; Text-fi^ 36. 

Spore 5 has already been described above (PI. 1, figs. 4, 6). 

Fig. 63 represents a compact tetrad, while fig. 64 represents one which is 
nearly separating. In fig. 65 is seen a single spore 

Measurements are as follows:*— 


Fig. 

Average 


individual. 

63 

65|i. X 33|i 

64 

61|ix26tL 

66 

68|jix36|t; b.w< tp. 
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Occurrence:— 

ft. horizon, Kathwai, PI. 1, figs. 4-5. 
20-25 ft. horizon, Kathwai, PI. 3, figs. 31-63. 



Text-figs. 36-44 Camera lucida drawings of some of the spores from shales just below 
tho Middle Productus Limestone, Warchha, all x Spore 5, bilateral tetrad 

(PI. VI, fig, 64). Fig. 37, Spore !“>, the structure of the folds on the body is not cleat 
(PI. VI, fig. 68). Pig 38. Spore kl, triradiate cavity clear (PI. VI, fig. 69). Pig. 39. Spore ts, 
group ot four spores of spinous surface (PI. VI, fig. 71). Pig. 40. -ipore 2^, surface spinous 
(PI.VI, fig 74). Fig. 41. Spore ts, surface tuberculate, tubercles in concentric circles 
(PI. VI, fig. 76). Fig. 42. Spore S7, surfac^tuberculato (PI. VI, fig. 77). Fig. 4,1. Spore Sk, 
shown in PI. VI, fig. 79. Pig. 44. Span 40, si.-slit; r.-rim (Pi. VI, fig 80). 

Spore 6 (1, 1, a, iv (1).). 

PI. 6, fig. 66. 

The structure of this spore is a little complicated. It appears to be a 
spore with four large and four small lobes. It is difficult to make out the 
relative position of each lobe. When focussed lobe l'(fig. 66, h ) is seen upper- 
most. Below that lies lobe 2 (1* ), which is seen on the upper half of the photo- 
graph. Lobe 8 and lobe 4 (fa , k ) are lying on either side. Each lobe shows a dark 
thick outline on the surface. Lobe 2 and lobe 3 show two transverse folds (/). 
The diameter of each is 60|i.. 
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Between these largrer lobes there are four smaller lobes. The latter 
(k li , 8. I 2 ) between lobe 1 and lobe 3, and lobe 1 and lobe 4 respectively, are 
seen on either side of lobe 1. Those marked s. It a'tids.U are faintly seen 
between lobe 2 and lobe 3, and lobe 4 respectively. 

The presence of the smaller lobes dednitely shows that the four larger 
lobes do not represent individuals of a tetrad. If the spore is an eight-lobed 
individual, it is difficult to interpret its structure. 

The spore is figured here, as it is the only spore of its kind found in 
the preparation. It might serve as an index spore for fixing the horizon of 
the plant bed. 


Spore y (1, 1. c. i (1)). 

PI. 6, fig. 67 

Spore approximately round; surface tuberculate, tubercles short; wall 
thin. Body 56|Ji. 

There are some folds on the body which might have been brought about 
by the thinness of the body wall. 

„ Spore 15, (I, 3, o, 1 (1)). 

PI. 6. fig. 68; Text-fig 37. 

Spore approximately round; tnradiate slit clear; surface finely granular 
wall thin. Spore 104-5p. x I02pi. 

Certain irregular folds seen on the surface of the body may either 
represent the rudiments of wings or be only accidental- 

Spore 21, (I, 3, a, v (1)). 

PI. 6, fig. 69; Text-fig. 88. 

Spore triangular; angles rounded; arms of the triradiate cavity long 
margin of the cavity thickened; surface smooth; wall thin Axis 62|fc. 

The triradiate cavity mighfhave been formed doe to dehiscence. 

Spore 22, (1, 8. 6, i (1)). 

PI. 6 fig. 70. 

Spore somewhat triangular; triradiate fold on the surface; surface 
wrinkled. Axis 74p,; wall 4)i,. 

The triradiate fold appears to be tfuite definite; most probably, it re* 
presents the tetrad mark. 
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Spore 28(1, 3, c, i, U)). 

PJ. 6, figs. 71-73; Text-fig. 39. 

Spore 23 has been described on p. (PI. 4. fig. 41.) Shape from angular 
(fig. 72) to round (figs. 71, 73); triradiate mark clear in fig. 72; surface 
faintly spinous. 

Measurements are as follow: — 


Fig. 

Spore. 

71 

31pL (individual) 

72 

30pL 

73 

28;i 


Spores in figs. 72 and 73 are placed in the same 'species’ as spores of 
intermediate shapes are observed. Spores of this type are generally seen 
adhering to the lower cuticle of certain species of Glossopt ns. 

The position of the spores in fig 71 is doubtful in this group, due to the 
abnormal way of grouping of the spores. Yet their shapes and structure 
are similar to the other spores, specially the one m fig 73. If the group of 
spores is a tetrad and if it really belongs to the same species as the other 
two, then it is not possible to account for the triradiate mark seen on the 
spore (fig. 72). Either the spores (fig 71) belong to another species or they 
are accidentally grouped together. Anyhow they are provisionally placed in 
the group Spore Z8. 

All these spores show a general resemblance to the smaller spore shown 
in PI. 4, fig. 41, already described above as doubtfully belonging to 
Alethopteris. 

Occurrence:— 

20*25 ft. horizon, Kathwai, Pi. 4, fig. 41. 

Spore 24 (I, 3, c, ii (D). 

PI. 6, fig. 74; Text-fig. 40. 

Spore triangular; angles rounded; arms of the triradiate slit nearly 
reaching to their respective angles; surface spinous, spines short, pointed and 
uniformly distributed; wall thin. Axis 64(i.. 

This spore is quite different from Spore 2S described above in its larger 
size, definite spines and long arms of the triradiate mark reaching to the 
angles. 
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Spore 26, (I, 3 d, i (1)). 

PI. 6, fig. 76; Text-fig. 41. 

Spore round; triradiate mark extends to the margin of the spore; sur- 
face tuberculate, tubercles short, and arranged in somewhat concentric cir- 
cles. Spore 60|i 

Spore 26, (I, 3, d, ii (1)). 

PI. 6, fig. 76. 

Spore round; arms of the triangi^lar cavity short, margins thickened 
surface tuberculate, tubercles comparatively stout and closely arranged 
Spore 60 ji. 

The thickening round the cavity, if not a definite character of the spore, 
might have been formed by the receding of the margins of the slit. 

Spore 27, (I, 3, d, iii (1)). 

PI. 6, fig. 77; Text-fig. 42. 

Spore triangular; arms of the triangular cavity rather long; margins 
thickened; surface tuberculate, tubercles comparatively long and uniformly 
distributed. Axis 68}t. 


One-winged Spores. 

Spore 34, (II, i, 6, iii (1)). 

PI . 6, fig. 78, 79; Text-fig. 43. 

Spores broadly elliptical, 157p,-168n long, 112|i-118|i broad; body broadly 
elliptical, 86^l-92^J, long, 76p. broad, not well-preserved; wall thick, transverse 
axis of the wing longer than the vertical axis; coarsely granular. 

Measurements areas follow;— 


Fig. 

Spore. 

Body. 

Rim. 

78 

168nX118;i 

92|i, X 76p, 

10|i 

79 

167p,xil2p, 

86|i X 78;i 

8pi 


Spore 40, (11, 

2, 6. i (D). 

r 


PI. 6, fig. 80; Text-fig. 44. 

Spore iO from the li ft. horizon (PI. 1, fig. 9; Text-fig. 16;, has 
already been described The spore in fig. 80 is better preserved. The size 
is more or less the same as that of the one from the U ft. horizon. The 
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body is very dark and the crescent-shaped slit (el. in fifir- 80 and Text-fig. 44) 
could only be faintly seen in the photograph; rim (r) is very thick. Spore 
L21p, X 88p,; body 62 (jl x 62p,; rim lOp,. 

Occurrence: — 

lift, horizon, Kathwai, PI. 1, fig. 9. 

Spore 46, (II, 8, b, i (6)). 

PI. 6, fig. 81. 

Spore round; body aporoximately round; triradiate mark (s(.) fain’^; rim 
thick; wing narrow, i to i the diameter of the body, radially striated. 
Spore llSjji; body lOOp, x92jji; rim 9|i. 

The proportion ot the wing to the body is the same as in Soore 45 
(PI. 2, figs. 11, 12) but Spore 46 is larger in size. 

Spore 66, (II, 3, 6, i(16)). 

PI. 6. fig. 82. 

Spore broadly elliptical; body approximately round; triradiate mark 
not clear; rim thick; transverse axis of the wing nearly double its vertical 
axis (i the transverse diameter of the body), radially striated. Body 
66|xX46pi; rim 12p,: transverse axis 23.2p,; vertical axis lip.. 

In this spore a tendency is noticed for the wing to get narrower above 
and below and broader on either side. This spore probably indicates a 
gradual change towards the two-winged type. 

The spore from Warchha shows a general resemblance to Soore 56 
from the Pali beds. Re wa (PI. 12; figs 151, 152) in its shape and structure, 
though notin size. 

Occurrence:— 

Pali beds, Rewa, PI. 12; figs. 151, 152, 

Spore 60, (II, 3, b,i (19)). 

PI. 6; fig. 83. 

Spore elliptical, body round, triradiate mark faint (not clearly seen in 
the photograph), rim thick, vertical axis of the wing absent or nearly so. 
Body 62p,; rim 6p,; transverse axis of the wing 20 5p,. 

This spore shows a step further towards the two*winged type Al- 
though the* spore is not quite twO’Wlnged the parts of the wing above and 
below the body (vertical axis) are insignificant. 



182 Virkki : Spores from the Lower Gondwanas of India and Australia 

The resemblance of ♦^his spore to the one in PI. 12, fig. 164 from the Pali 
beds, Rewa, is strikinfr though the latter is slightly larger and better 
preserved. 

Occurrence: — 

Pali beds, Rewa, PI. 12, fig. 154. 

Two-winged Spokes. 

Spore 64, (III, 1, a, iv (1)). 

PI. 6, fig. 84. 

Spore 64 of tht 1^ ft. horizon already described above, PI. 2, figs 17-19. 
Body 50p.; transverse axi.s of the wing 42 bpt: vertical axis GTjt. Even the 
size of the spore is not different from those already described especially 
those in PI. 2. figs. 17 18. 

Occurrence: — 

H ft. horizon, Kathwai, PI. 2, figs. 17-19. 

20-25 ft. horizon, Kathwi, PI. 5, fig. 36. 

Spore 66, (III, I, o, v (1)). 

PI. 6, figs 85, 86, 

Body round, da-k; an outer broad transparent layer round the body; 
wings two, free parts rounded, radially striated, transverse and longitudinal 
axii' more or less equal. 

Measurements are as follow: — 


Fig. 

Body. 

Transparent 

layer. 

Transverse 

axis 

Vertical 

axis. 

86 . . 

. 32pi X 29pi 

4,1 

56 p. 

38*6,1 

86 . . 

. 35|jl X 34|X 

4,1 

48pt 

48,1 


The outer transparent layer round the margin of the dark central body; 
might represent the outer layer of the wall. In fig. 86 one wing is seen 
above the body. A thickening can be seen where the wing gets free from 
the body. This corresponds to the rim in the one-winged spores. 

Spore 69 (III, 1, a, vi, (8)). 

PI 7, fig. 87; Text-fig. 46. 

Body broadly elliptical; surface granulated; folds present; wings separate 
above, continuous below. Body 80tj,x66'4)t. 
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It is quite possible that one wing, lies over the other so that both 
appear to be fused. The wing is much bigger than the body, but it is not 
possible to give the exact measurement as its inner margin is invisible. 

In its shape and structure this spore can be compared with Spore 69 
from the Pali beds, Rewa. (PI. 12, fig 167). 

Occurrence:— 

Pail beds, Rewa, PI. 12, fig 157. 



ext>figB. 46-60. Camera lucida drawings of aome of the spores from shales just below 
he Middle Productus Limestone, Warchha, all X 250. Fig. 46. Spore 99. wings are separate 
above and continuous below (PI. VII, flg. 87). Fig. 46. Spore 76, aL-longitudinal slit; 
r -rim (PI. VII, fig 89). Fig. 47. Spore 70, Ptfyosporite.7 sp , body somewhat pointed at both 
ends; structure of the longitudinal tolds not known (PI. VII, flg 90), Pig. 48. Spore 9i, b - 
spherical body; u>f-ui.V-three wings (PI. VJI, fig. 97) Pig, 49. Spore 96, attachment of the 
wings intra-marginal (PI. VII, flg. 98). Pig, 60. Spore 97, transverse and longitudinal 
stripes of the body are shown (PI. VII, flg. 99). 

Caytonanthus-like Spores 
Spore 74 (III, 2, a, i (1) ). 

PI. 7. fig. 88. 

Body elliptical; slit longitudinal and fairly long (<f. in fig. 88; rim (r ) 
thick; wings finely pitted, pitting observed even on the surface of the body. 
Body 40|iX26|jL; transverse axis 16'5|i,; vertical axis 40|i,. 

In its structure and shape this spore shows a striking resemblance to 
that of Gaytonanthua sp. A, figured by Harris ^1937, p. 44; Text-fig. 4. A) 
from the Rhaetic of Greenland, but our spore is about thrice as big as the 
Greenland spore. 
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Spore 76 (III, 2, a, i (2) ). 

PI. 7, fig. 89; Text-fig. 4«, 

Body elliptical; slit (Text-fig. 46, —also see fig. 89, sZ.) longitudinal; 
rim (r.) thick; surface of the wing pitted, fine pitting extending over the body 
also, pits separated by ridges. Body 47|j,x28ji,; rim 10|t; transverse axis of 
the wing 27'6p,; vertical axis 47n. 

The similarity of the spore with CayUmanthus arberi Thomas (Harris 
1937, pp. 44, 46; Text-fig. 4, E. G ) from the Rhaetic of Greenland is quite 
striking. The shape of the spore and body, the presence of the longitudinal 
slit and the nature of the pitting on the wings and body are alike in both the 
spores; but Spore 75 is nearly double the size of C. arberi. 

PiTYospoRlTKS Seward. 

Spore 79 (III, 2, a, ii (3) ), Pituosporitee sp. 

PI. 7, fig 90; Text-fig 47. 

Body broad in the middle and somewhat pointed at the ends, transverse 
stripes clear; transverse axis of the wing i that of the body, radially striated. 
Body 70}i,x60p,; transverse axis of the wing 41 m. 

There are two longitudinal folds on the surface of the body. It is 
difficult to determine whether they represent a structural feature found in 
association with the slit 

Spore 89 (HI, 2, a, ii, (4)), Pityosporites sp. 

PI 7, fig. 91. 

Body round; wall thick; transverse axis of the wing about } that of the 
body. Body 69|i,; wall 4|i; transverse axis of the wing 60 m 

The spore presents its lateral view in which the thick dorsal wall of the 
body is also clearly seen. 

The proportion of the wing to the body is greater in this spore in 
Spore 79. 

Spore 88 (III, 2, a, ii, (7) ), Pityoaporitee sp. 

PI. 7, fig. 92. 

Body approximately round, transversely striped; transverse axis of the 
wing i that of the body. Body 78pix74|i,; transverse axis of the wing 54 |l. 

The proportion of the wing to the body is greater than in the provious 
case It is therefore assigned to a different 'species’. ’ 

Occurrence:— 

20-25 ft. horizon Kathwai; PI. 5, fig. 28. 

Pali beds, Rewa; PI. 18, fig. 102, 
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Spore 86 (III, 2, o, ii, (9) ), Pityosporitee sp. 

PI. 7. fig. 93. 

Spore almost similar to Spore 8U {PityoeporiUe aewardi) described 
above (PI. 6, fig. 69) except in size. Body 41p.x29p,; transverse axis of the 

wing 34|i. 

Occurrence: — 

Daltongunj coalfield, Bihar; PI. 8, fig. 1£3. 

Pali beds, Rewa; PI. 18, fig. 166. 

Permo-Carboniferous shale, Newcastle PI. 16, figs. 190 A. 

Spore 87 (III, 2, o, ii, (11) ), Pityosporitee sp. 

PI. 7, figs 94. 96. 

Spore 87 from the U ft. horizon already described (PI. 2, figs. 22, 23). 

Fig. 94 represents the ventral and fig. 96 the lateral views. Measure- 
ments of the spore in fig. 95 are not given. Spore (fig. 94) -Body 42|t; 
transverse axis of the wing 48^,. 

Occurrence:— 

li ft. horizon, Kathwai; PI. 2. figs. 22, 23. 

20-25 ft. horizon, Kathwai; PI. 6, fig. 60. 

Jhallewall; PI. 7, fig. 105. 

Daltongunj coalfield, Bihar; PI. I, figs. 4, 6. 

Pali beds. Rewa; PI. 13, figs. 168-172. 

Spore 92 (III, 2, o, ii, (16) ), PityoeporiUe sp. 


PI. 7, fig. 96. 


Body somewhat triangular, transversely striped; wall thick; transverse 
axis of the wing 11 times that of the body. Body 40)ii across at the broadest 
wrt; wall dp,, transverse axis of the wing 66)l. 

A clear median space is seen between the attachment of the wings. This 
space probably remresents the part not covered by the wings; it is unlikely 
that it is a m the latter is seldom seen in lateral view. 
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This spore is removed from Spore 87 as the body is proportionately 
smaller than the wing. 

Thbee-wingbd Spores. 

Spore 94 (IV, 1, o, i, (1) ). 

PI. 7, fig. 97; Text-fig. 48 

Body (fig. ‘'7, b.\ Text fig 48, b.) spherical; surface finely granulated; 
wings three (w’ , w’ , w’ ,) more or less uniform, attached to the body in one 
plane presumably at equal distance from each other, surface of the wing 
finely pitted. Body 30’4|ji; transverse axis of the wing 27ji.. 

Spore 96 (IV, 1, b, ii, (1) ). 

PI. 7, fig. 98; Text-fig. 49. 

Spore flat; wall quite thick; wings three, sizes different, attachment of 
the wings intra-marginal. Body SOp,; transverse axis of an average wing 29 (l. 

Spore 97 (IV, 1, 6, lii, (1) ). 

PI. 7, fig, 99; Text-fig. 60. 

Body oblong, dark, longitudinally and transversely striped (stripes 
shown in the text-fig., but not brought out in the photograph); wings three, 
attachment intra-marginal, radially striated. Body 60p, x 48jj.; transverse axis 
of the wing 38 (l. 

The text-figure shows only two wings as the third was broken off. 

6. SPOKh-S FROM JUST BELOW THE MIDDLE PRODUCTU8 LIMESTONE, 

Jhallewali, Salt Range. 

Pi. 7, figs, 100*106; Text-fig. 61. 

The locality, horizon and material are already dealt with in another paper 
not yet published. 


Unwinged Spori!^. 

Spore 11 (1, 2, tt, i, (2) ). 

PI. 7, fig. 100. 

Spore approximately round; longitudinal fold present; surface smooth; 
wall thick. Body 74it x 60jji. 
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The longitudinal fold is also seen in two other spores referable to Soore 
11. Most probably this fold is not accidental and may represent the germinal 
apparatus. The spore is, therefore, doubtfully placed in the group with the 
longitudinal slit. 


Spore 20 (I. 3, a, iv, (1) ). 

PI. 7. fig. 101. 

A description of Soore 20 from the 20-35 ft. horizon is already given 
(PI. 4, fig. 40) The present spore is slightly smaller than that in fig. 40. 
Besides, the knob is absent In all other characters it resembles the spore 
previously described. Longest axis 52p,. 

Occurrence:— 

20-25 ft. horizon, Kathwai, PI. 4, fig. 40. 

One-winged Sporbis. 

Spore 31 (II, 1, b, i, (2) ). 

PI. 7. fig. 102. 

Spore SI from the 20-26 ft. horizon has already been described 
(PI 4, figs. 42, 43) The spore in fig. 102 shows a more clearly-demarcated 
body than the rest of the spores under this group. Spore 168|i, x 123ji. Body 
98|i, X 84|i,. 

Occurrence:— 

20-26 ft. horizon, Kathwai; PI. 4, fig. 42, 43. 

. Spore 41 (II, 3, a. i, (1; ) 

PI. 7 fig. 103; Text-fig. 61. 

Spore roundly triangular; triradiate mark present, arms extend to the 
margin; wall thick; wing fiat and narrow with radial folds. Axis of the body 
60|i,; wall 6p,; wing 6|i, (broad). 

The resemblance of this apore with that of Selaginella parket i as figured 
by {Knox 19S8, p. JtJtS', fig. £S), is very striking, especially in its roundly angular 
outline, in the presence of the triradiate mark reaching the margin of the 
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body and in the narrow wings. Spores of Selaginella sp. range from 16n. to 
60 [l. No attempt is made here to draw any close comparison. 



Textrfigr. Sl-Camera lucida drawing of Spore U shown in PI, VII. fig, 108* Thia apore 
balonga to tho horizon juat below the Middle Productus Limestone, Jhallewali, x 260. 

Taxt-figs. 62-66. Camera lucida drawings of some of the spores from the Pali beds, 
Rewa, all X 260. Fig, 62. Spore t is also shown in PI. X, fig. 128. Pig. 63. Spore % is shown 
m PK X, fig, 120, Fig. 64. Spore the upper layer of the body might have been torn off 
from the centre (PL X, fig. 130) Fig. 66. Spore 7, spinous surface (PI, X, fig. 132). 
Fig. 66, Spore $8, sL-slit (PL XI, fig. 187). 
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Two-winged Spores. 

Caytonanthus-like Spore. 

Spore 76 (III, 2, a. i, (3) ). 

PI. 7, fig. 104. 

Body approximately round; surface finely pitted; longitudinal slit distinct; 
attachment of the wings to the body clear, surface pitted. 

This spore differs from Spore 76 (PI 7, fig. 89) in its larger size and the 
spherical ahaoe of the body. The pitting on the surface of the body and the 
wing are not so regular as in Spore 75. Body 67 ji, x63n; rim I0|i; transverse 
axis of the wing 82ii. 

PiTYOSPORlTES Seward. 

Spore 87 (III, 2, a, ii, (11) ), Pityosporitea sp. 

PI. 7, fig. 105. 

Spore 87 from the H ft. horizon (PI. 2, figs. 22, 23) has already 
been described. The photograph shows clearly the attachment of the wingr 
to the body. Body 52p,X49ii,; wall 3|j.; transverse axis of the wing Alp.. 

Occurrence:— 

H ft. horizon, Kathwai; PI. 2, figs. 22, 23. 

20*26 ft. horizon, Kathwai; PI. 6, fig. 60. 

Warchha; PI. 7, figs. 94, 95. 

Daltongunj coalfield, Bihar; PI. 1, figs. 4, 5. 

Pali beds, Rewa; PI. 13, figs. 168-172; Text-fig. 72. 

6. Spores and other Organic Remains from the Daltongunj 

Coalfield, Bihar. 

PI. 8. 

The spores described here were obtained from a piece of shale bearing a 
well-preserved frond of Glosaopteris com'nunis. The leaf and its cuticle will 
be described in a future paper, the attribution of the adherent spores will 
there be briefiy discussed, and the locality, horizon and the registered number 
of the specimen will also be given. 

Tracheid. 

PI. 8, fig. 106. 

This piece of tracheid, with two series of bordered pits arranged 
alternately, shows a remarkable resemblance to that described from Warchht 
(p. I PI. 6, fig. 62) in the round shape of the pits, their size and arrangement, 
it is not possible to suggest its affinity with any specific Palaeozoic wood. 
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Unwingbd Spores. 

Spore 3 (I, 1, a, ii, (1)). 

PI. 8; fiir. 107. 

Spore broadly elliptical; surface coarsely granular; wall thin. Spore 
146 (t ^ 126p,. 

One-winged Spores 

Spore 28 (II, 1, a, i, (1)). 

PI. 8, fig. 108. 

Snore broadly elliptical: body broadly elliptical, dark, surface granular; 
wing of uniform width all round (equatorial), nearly k the diameter of the 
body, surface coarsely granular. Spore 77pi,x64p.; body 48p,x39|i.. 

Spore 29 (II, 1, a. i, (2)). 

PI. 8, fig. 109. 

Spore approximately round, one aide not well-preserved; body approxi- 
mately round; surface granular; wing more or less of uniform width, nearly 
half the diameter of the body, surface coarsely granular. Spore 96ii.x92|i,; 
body 47 pi X 42pL 

The spore differs from Spore 28 in its size and proportion of the wing to 
the body. 

Spore 43 (II, 8, 6, i, (2)). 

PI. 8, figs. 110, 111. 

Spores broadly elliptical; body broadly elliptical; triradiate slit not clear; 
rim thick; wing frill-like, radially striated 

Measurements are as follow:— 


Pig. 

Spore. 

Body. 

Rim. 

no 

76(iX62|jL 

64|i. X 44)1, 

8|t 

111 

80|t x62pi 

58)l X 46|t, 

9)1 


The spore in fig. Ill was obtained from the upper cuticle of Gloaeopterie 
communie shown in PI. 18, fig. 142 
Occurrence:— 

Pali beds, Rewa; PI 11, fig. 141; Text*fig. 68. 

Glacial tillite, Bacchus Marsh; PI. 14, figs. 181-183. 

Spore 44 (II, 3, b, i. (3) ). 

PI. 8, Bg. 112. 

This spore resembles Spore iS in its shape and structure, though not in 
size. I he triradiate mark is not clear in the photograph. Spore 114p.x lOOp.; 
body 79px70p; rim 15p. 
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This spore has been figured in a previous communication, ( Virkki 19S9, 
PL 1, fig. 11). 

Occurrence:— 

Pali beds, Rewa; PI. 11, fig. 142. 

Spore 46 (II, 3, 6, i, (4) ). 

PI. 8, figs. 118-116. 

Spore 46 from the U ft. horizon (PI. 2, figs. 11, 12) and ihe 4i ft. horizon 
(PI. 3. fig 27) already described. The triradiate slit is present in all 
the three. In fig. 115 it is partially hidden by the black patch of foreigi. 
matter. 

Measurements are as follow: — 


Fig. 

Spore. 

Body 

Rim. 

113 

94|i. 

< 76p, 

69(1 X 60|i 

8(1 

114 

106 |i 

x94n 

76(1 X 66(1 

... 

115 

lOOp, 

X 88ji, 

86(1 X 78(1 



Occurrence: — 

li ft. horizon, Kathwai, PI. 2, figs. 11, 12. 

4i ft. horizon, Kathwai. PI. 3, fig. 27. 

Spore 48 (II, 3, 6, i, (7) ). 

PI. 8, fig. 116. 

Spore from the 20-26 ft. horizon (PI. 4, fig. 45) already described. 
The spore is fairly well-preserved. Spore 9.(p,x86p,; body 64p, 

This spore has been ligured in a previous paper. (Firfc/ci Pf, /, 
fig. 10). 

Occurrence:— 

20-26 ft. horizon, Kathwai, PI. 4, fig. 46. 

Glacial tillite, Bacchus Marsh, PI. 14, fig. 184. 

Spore 49 (II. 3, 6. i, (8) ) . 

PI. 8, fig, 117. 

Spore not weil-preserved; triradiate mark not seen; rim thick. Spore 
29|i,x ilOp,; body 90 |lx 72|i,; rim 

Occurrence:— 

U ft. horizon, Kathwai, PI. 2, fig. 14. 

20*26 ft- horizon, Kathwai, PI. 4, figs.. 46, 47. 
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Pali beds, Rewa, PI. 11. dgs. ]48'145. 

Glacial tillite, Bacchus Marsh, PI. 14, fig. 185. 

Two-winged Spores. 

Spore 70 (III, 1, a, vii, (1) ). 

PI. 8, fig. 118. 

Body approximately round dark ; transverse axis li times the diameter 
of the body; vertical axis thrice that of the body. Body 33ji x24ji; transverse 
axis of the wing .)8)i; vertical axis 68jji. 

PiTYOSPORlTES Seward. 

Spore 77 (III, 2, o, ii, (1) ). Pityosporites sp. 

PI. 8, fig. 119. 

Body broadly elliptical, transversely striped; transverse axis of the wing 
half the diameter of the body, radially striated. Body 36p,x32p.; transverse 
axis of the wing 18 m. 

Spore 81 (III, 2, o, ii, (6) ). Pityosporites sp. 

'» PI. 8, figs. 120-122. 

Body approximately round; diameter ranges from 42tt— 64|j,, stripes not 
seen; attachment of the wings quite clear, transverse axis of the wing i that 
of the body. 

Measurements are as follow:— 


Fig. 

Body. 

Transverse 
axis of the 
wing. 

120 

42(1. X 42p, 

27m 

121 

54m ^ 48m 

S2|i 

122 

52}! x43m 

39m 


To a certain extent in their shape and structure these spores resemble 
Spore 82 (PI. 18, figs. 160, 161) and Spore 8S (PI. 13, fig. 162) from the Pali 
beds of Kewa. The absence of stripes may be of specific importance or may 
have been brought about bv bad preservation. Spore 81 is smaller in sise that 
Spore 82 and Spore 88. 
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Spore 86 (III, 2, a, ii, (9) ) , Pityoaporitea sp. 

FI. i3, fig. 123. 

Spore 85 already described elsewhere (PI. 7, fig. 93). Stripes very 
faintly seen. Body 32p. x 30»*; transverse axis of the wing 26/*. 

Occurrence:— 

Warchha, PI. 7, fig. 93. 

Pali beds, Rewa, PI. 13, fig. 166. 

Permo-Carboniferous shale, Newcaste, PI. 16, figs. 190, 191), 94, 

Spore 87 (III, 2, a, ii, (11) ), Pityosporites sp. 

PI. 1, figs. 4, 6. 

Pig. 4 represents the lower cuticle of Glossopteris communis with the 
spores adhering to it. One of them {Pit.) is further enlarged in fig. 6. This 
spore presents its lateral view. 

Occurrence : — 

li ft. horizon, Kathwai, PI. 2 figs. 22, 23. 

20-26 ft. horizon! Kathwai, PI. 6, fig. 60. 

Warchha, PI. 7, figs. 94. 96. 

Jhallewali, PI. 7, fig. 105. 

Pali beds, Rewa, PI. 13, figs. 168-172. 

Spore 88 (III, 2, o, ii, (12) ), Pityosporitea sp. 

PI. 8, fig. 124. 

Body elliptical, transverse stripes not visible; longitudinal slit faintly 
seen. Body 48/*x33|j.; wing (transverse axis) 46/*. 

In shape and structure this spore resembles Spore 89 from the Pali beds 
of Rewa (p. PI. 13, fig. 173) ; but due to the difference in size and absence 
of stripes on the body, the spore from Bihar is placed in a different ‘species’. 

7. Spores and other Organic Remains prom the Pali Beds, Rewa 

Pis. 8-13; Text-figs. 52-76. 

The discovery of spores in the shales from the Salt Range led to the 
examination of similar shales from other localities in India. Of several pieces 
of shales from Rewa (carrying impressions of Gloaaopteria sp.) handed over 
to me by Professor Sahni, all except one were red shales and they did not 
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yield any organic remains on maceration. The one dark shale yielded a 
considerable variety of spores, bits of tracheids and cuticles with stomata. 

Localitii and horizon . — The locality lies at the junction of the Ganjra 
nala with the Johilla river about two miles west of Pali in Central India (23° 
22'N ; 30° 4'E.). The specimen bore the repcistered number K2&/523 of the 
Geological Survey of India. 

1 he horizon and age of the plant beds in South Rewa had been a puzzle 
for the past many years It was thought that the plant-beds at Parsora con- 
taining well-preserved specimens of ThinnUldia, and those at Da gon and 
Pall (Southern part), which contained members of tne Glo^Hooterif flora, were 
of the same series. Dr. C S Fox pn. 17si, ITS, 183-190) suggests 

that the Daigon-Pali beds have plant remains ol the Damuda facies and the 
Parsora beds contain a flora allied to the Rajmahal (Upper Gondwana) group. 
The fossil in question belongs to the Pali beds, which are now regarded as 
belonging to the Kamthi or Uanigunj series ( Upper Permian) {Wadia 1938, 
p. 95). 

Material . — The carbonaceous shale from which spores were obtained is 
represented in PI. f), fig. 125 The material for maceration was removed 
from the upper part of the specimen, from a place indicated by the arrow 
mark. The nature of the shale is such that it easily gets disintegrated in 
water. The spores obtained were numerous and well-preserved. Groups of 
spores of the Fityospontea type were very common. 

Stoma. 

PI 9, fig. 126. 

PI. 9, fig. 126 represents a single isolated stoma obtained along with 
the spores. The guard cells and the stomatal pore are not preserved ; the six 
subsidiary cells, each with an overhanging papilla, are prominent. 

It may not be advisable to suggest a comparison of this stoma with those 
already described, as we are in the dark regarding the other part of the 
cuticle. Yet it can be mentioned here that the stoma in fig. 126 shows a 
resemblance to that of Gloasoptens bnmmana, in the number and nature of the 
subsidiary cells, though not m size. Comparison can also be drawn with the 
gt oma of Glossopteris communis in its size and in the structure of the subsi- 
diary cells. No attempt is made here to draw any definite conclusion. 
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Tracheids. 

PI. 9, fig 127. 

The tracheids represented in hs. 127 are well-preserved. 

The pits are round to hexagonal and are either opposite or alternate. 
The pores are round to elliptical. Besides these, there are a few cells of the 
medullary rays also. 

These bits of tracheids show a resemblance to those from Warchha (PI. 6 
hg. 62) and Oaltongunj coalhed, Bihar (PI. 8, fig. 106). 

Unwinged Spores. 

Spore 1 (I, I, a, i, (1) ). 

PI. 10, fig. 128 ; Text-fig. 52. 

Spore elliptical ; folds on the surface ; surface smooth ; wall thin. 
Spore 38m x 28m. 

Spore 1 from the ft. horizon (PI. 1, fig. 3) and the 4^ ft. horizon 
(PI. 3, fig. 24) already described. The spore in fig. 128 is slightly dif- 
ferent in shape, probably due to the presence of folds on the surface. 

Occurrence 

U ft. horizon, Kathwai, PI. 1, fig. 3. 

4i ft. horizon, Kathwai, PI. 3, fig. 24. 

Glacial tillite, Bacchus Marsh, PI. 14, fig. 178. 

Spore 2 (I, 1, a, i, (2) ). 

PI. 10, fig. 129 ; Text-fig. 68. 

Spore roundly triangular ; surface smooth ; wall thick. Axis 43Mi 
wail 2m. 

Spore 4(1, 1, a, ii, (2) ). 

PI. 10, figs. 130, 181 ; Text-fig. 54. 

Spore elliptical, 280|t. to 262m long, 194m to 201m broad ; surface coarsely 
granular ; wall thin. 

Measurements are as follow :~ 

Fig. Body. 

ISO 230mx194m 

181 262m X 201m 
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Spore 7 (I. 1, b, ii (1) ). 

PI. 10, fig. 132 ; Text-fig. 66. 

Spore approximately round : surface spinous, spines comparatively long 
and pointed, uniformly distributed ; wall thin Spore 7S(i,x68f<. 

Spore 8 (I, 1, 6, i, (2) ). 

PI. 10, fig. 133. 

Spore triangular ; surface spinous, spines long and pointed. As the spore 
cannot be traced its measurements are not given. 

One-winged Spores. 

Spore 37 (II, 2, a, i, (1) ). 

PI. 10, fig. 134. 

Spore and body elliptical; slit long and broad; wint*- ^ to ^ the diameter 
of the body, surface coarsely granular- Spore 184jiXl30/i ; body 136p,xl06*i. 

Spore 38 (II, 2, a, i, (2)). 

PI. 10, figs. 136, 136 ; PI. 11, figs. 137, 138 ; Text-fig. 56. 

Spores same as above, except in that i’pore SS is larger in size with a 
narrower slit (fig. J37 si. Text-fig. 66, si.). 

Measurements are as follow 


Fig. 

Spore. 

Body. 

1o6 

230p. X 176|i 

162m X )24m 

137 

235|i X 228m 

160mx142p, 

138 

270p,X220}ji 

207MXl30it 

286 

not traceable. 


Spore 39 (II, 2, a, i, (3)). 

PI. 11. fig, 139. 

Spore elliptical, but one of the sides straightened (probably due to the 
mode of preservation); body elliptical; fold faintly seen; wing J the diameter 
of the body, surface coarsely granular. Spore 227|t x 160m; body i.44/*x96ji,. 

This resembles Spore 88, except in the proportion of the wing to the 
body. 

Spore 42 (II, 3, b, i, (1) ). 

PI. 11, fig. 140; Text-fig. 67. 

Spore Jt2 from the li ft. horizon (PI. 2, fig 10), has already been 
described. The spore in fig. 140 is more round with a clear triradiate mark. 
Spore 66ft X 49 m; body 44}j.; rim Sp, 
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Occurrence 

. lift, horizon, Kathwai; PL 2, fig. 10. 



Text-figs 67-62. Camera lucida drawings of some spores from the Pali beds, 
Rewa, al] X 260. Fig. 57 shown in PI XI, hg. 140. Fig. 68, Spors 4^, repre* 

Hented in PI. XT, fig. 141. Fig. 69. Spore 51, the clear space shown m the figure is the 
region where there was a dirt particle (PI XIT, fig 147). Fig, 60. Spore 6-bjdy 

(Pi XII, fig. 160). Fig. 61, wSpors 57. transverse fold on the body is accidental (PI. XII, 
fig. 168). Fig 62. Spore 60, «/.-triradiate slit (PI. XU, fig. 154). 

Spore 43 (II, 3. 6, i, (2) ), 

PI. 11, fig. 141; Text-fig, 68. 

Spore Us from the Daltongunj coalfield, Bihar (PI- 8, figs. 110, 111) 
has already been described. Spore 74|i. x 68/* ; body 64/» x 61 m ; rim Sfi. 

The triradiate slit is clear. 

Occurrence 

Daltongunj coalfield, Bihar, PI. 8, figs. 110, 111. 

Glacial tillite, Bacchus Marsh, PI 14, figs. 181. 183, 
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Spore 44, (11, 8, b, i, (3) ). 

PI. 11, fig. 142. 

Spore U from the Daltongunj coalfield. Bihar (PI. 8, fig. 112) has 
already been described. Fig. 142 resembles fig. Ill in its size and shape- The 
triradiate slit is clear in the Rewa spore. Spore 91|i.; body 78(1 x 68f< ; rim 9ft. 

Occurrence : — 

Daltongunj coalfield, Bihar, PI. 8, fig. 112. 

Spore 49 (II. 3. 6, i, (8) ). 

PI. 11, figs. 148-146. 

Spore 49 from the li ft. horizon (PI. 2, fig. 14) has already been described. 

In figs. 144, 145 the rim is seen as two folds ; probably the outer one 
represents the margin of the body or the rim on one side might have been 
slipped. The triradiate slits are not seen in these spores. 

Measurements are as follow 


Fig. 

Spore. 

Body. 

Rim. 

143 

106f* 

74p 

10m 

144 

ll2fiXl08M 

76pt 

9m 

145 

118p, 

87fi 

Um 


Occurrence 

li ft. horizon, Kathwai, PI. 2, fig. 14. 

20-25 ft. horizon, Kathwai, PI. 8, figs. 46, 47. 

Daltongunj coalfield, Bihar, Pi. 8, fig. 117. 

Glacial tillite, Bacchus Marsh. PI. 14, fig. 186. 

Spore 60 (II, 8, 6, i, (9) ). 

PI. 11, fig. 146. 

Spore and body elliptical; triradiate slit clear; rim thick; wing flat, 
radially striated. Spore 140it x 120p.; body lOOn x 76|t; rim 12f». 

On the left hand side the rim is seen as two layers, the outer one of 
which probably represents the margin of the body. This spore resembles 
Spore 60 represented in PI. 14, fig. 186 tBacchus Marsh), in its size and shape. 
Occurrence:— 

Glacial tillite, Bacchus Marsh; PI, 14, fig. 186. 
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Spore 61 (II, S, 6, i, (101 ). 

PI. J2, fig. 147; Text-fig. 69. 

Spore 61 from the H ft. horizon, Kathwai (PI 2, fig. 16) already 
described. The spore in fig. 147 is better preserved. 

Spore broadly elliptical; body approximately round; triradiate slit clear. 
Spore 170fixl60|t; body 116/»x 104|i,; rim 14f». 

Occurrence: — 

li ft horizon, Kathwai, PI. 2 fig. 16. 

20-26 ft. horizon, Kathwai, PI. 4, fig. 48. 

Spore 53(11, 3, 6, i, (12) ). 

PI. 12, figs. 148, 149. 

Spore 5? from the 20*25 ft horizon, Kathwai (PI. 6; figs. 50, 51) 
has already been described. The spores in figs. 148, 149 are better preserved 
and the triradiate mark can be seen in both. Fig. 148 does not have a rim, 
but the radial striations of the wing are seen to continue even beyond the 
margin of the body. This evidently shows that the rim seen in several spores 
is in some way associated with the origin of the wing and does not seem to 
represent the thick iiody wall. 

Measurements are as follow: 


Pig. 

Spore. 

Body. 

Rim. 

148 

92mx82|i 

55|i 

. , 

149 

88|ix92(i. 

50(1 

8ji 


Occurrence:— 

20-25 ft, horizon, Kathwai; PI. 6; figs. 60, 61. 

Spore 56 (II, 3, b, i, (14) ). 

PI. 12, fig. 160; Text-fig. 60. 

Spore and body (fig. 160, 6; Text-fig. 60, 6) broadly elliptical; triradiate 
mark clear; rim irregular; wing more than half the diameter of the body; 
radially striated. Spore 228|i,X176|t; body 117|ixl09(i. 

A fold is seen on the body from where the striations of the wing are 
seen to start. 

s 

This spore is removed from Spore 5$ and Spore 64 on account of its 
larger size. 
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Spore 56(11, 3, b, i, (16) ). 

PI 12, figs. 161, 152. 

Spore 56 ha-i already been described from Warchha (PI. 6, fig. 82). 
The spores described here are better preserved and smaller than that shown 
in fig. 82. The triradiate mark is seen in both. 

Measurements are as follow: — 

Fig. * Body, Rim Transverse Vertical 

axis. axis. 

I.')! ... '8|j,x4?p, 7#» 17jji 6|t 

As the spore shown in fig 303 cannot be traced, its measurements arc 
not given. 

These spores show an approach towards the two-winged type; for the 
transverse axis of the wing is longer than the vertical axis. 

Occurrence:— 

Warchha, PI. 0, fig. 82. 

Spore 57 (II, 3, b, i, (16) ) 

PI 12, fig. 163; Text-fig. 61. 

Spore somewhat similar to those grouped under Spore 56. Triradiate 
mark not visible; transverse axis of the wing nearly half and vertical axis 
less than 1/7 the diameter of the body. Body 59)LX37|i.; rim 9|t, transverse 
axis of the wing 25 Sp.; vertical axis 7'5|i. 

The transverse fold in the centre of the body is probably accidental, as 
another spore of the same size and shape does not show such a structure. 

Spore 60 (II, 3, b, i, (19) ). 

FI. 12, fig. 164; Text-fig. 62. 

Spore 60 from Warchha (PI. 6, fig. 83) has already been des 
cribed. Spore elliptical; body approximately round; triradiate mark faintly 
seen (fig. 154 si. ; Text-fig. 62 sL). 

The attachment of the wings on either side appears to be intra -marginal. 
The portions of the wing above and below, as seen in the figure, are ex- 
tremely narrow. Body 68p,x59ij,, transverse axis of the wing 20p,; vertical 
axis 3pi. This spore shows a greater approach towards the two-winged 
type. ^ 

Occurrence:— 

Warchha; P), 6, fig. 83. 
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Two-winged Spores. 

Spore 63 (III, I, a, iii, (1) ). 

PI. 12, fig. 156; Text-fig. 63. 

Body approximately round, dark; wings two, transverse axis J and 
vertical axis 11 times that of the body. Body 88p,x80ji; transverse axis 58p.; 
vertical axis 120pt. 



Text-fig's. 03-66. Csmera lucida drawing of some of the spores from the Pali beds, 
Rewa, all X 260. Fig. 63. Spore 63, the drawing la not true to the photograph owing to 
the change in position of the 'spore. (PI. XU, hg. 166). Fig. 64. Spore 68, shown in 
PI. XII, fig. 166. Pig. 66. Spore 69, also represented in PI. XII, fig. 167. Fig. 66. Spore 7t, 
shown in PI. XII, fig. 163. 

Spore 68 (III, 1, o, vi, (2) ). 

PI. 12, fig. 166; Text-fig. 64. 

This spore has already been described above (20-26 ft. horizon). 
Although the size of the wings is the same in both, the spore described here 
has a slightly rounded body. Body 34|i; transverse axis of the wing 56(i; 
vertical axis 74|i,. 

Occurrence:— 

20-25 ft, horizon, Kathwai, PI. 6, fig. 67. 

Spore 69 (III, 1, n, vi, (3) ). 

n. 12, fig. 167; Text-fig. 66 

Spore 69 has already been described (PI 7, fig. 87). As in the 
photograph the differentiation of the two wings can be seen above; but below 
they are continuous. Body 67|i; wing 99>5x70|fc (approximate measurement). 
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Occurrence: — 

Warchha; PI, 7, fig. 87. 

Spore 72(111, 1,6, ii, (1) ). 

PI. 12. fig. 158; Text-fig. 66. 

Body narrowly elliptical; wing attached parallel to the longer axis of 
the body. Body SSp, x kGp,; transverse axis of the wing 63|i. 

PlTYOSPORlTES Seward. 

Spore 78 (III, 2, a, ii, (2) ). Pityoaporitea sp. 

PI. 13, fig. 159; Text-fig. 67. 

Body elliptical, transversely striped; transverse axis of the wing i that 
of the body. Body 50[ji x 32|t; transverse axis of the wing 26 (l. 

This spore resembles Spore 79 from Warchha (PI. 7; fig. 90) 
especitilly in the size of the wing (proportion of the wing to the body). The 
smaller size of the Rewa specimen has necessitated its removal to another 
species. 



Text-figs. 67-76. Camera tueida drawings of eome spores from the Pali beds. Sews, 
all X 2B0, Fig. 67. Spore 7S, PUyoap >rifea sp. (PI XIII, fig, 169). Pig 68. Spore 83, 
Pityoaporitea sp. (PI. XIII, fig. 162). Figs- 69-71. Spore 8k, Pityoaporitea eewardi repre- 
sented in PI. XIII, figs. 168-166. Fig 72. Spore 87, Pityoaporitea sp., transverse Stripes are 
shown (PI. XIII, fig. 170). Fig 78. Spore 89, Pityoaporitea sp., wings are pittsd (PI. XIH. 
fig. 178). Fig. 74. Spore 90, sp., el. longitudinal slit, represented in PI. XIll, fig. 174. Fig. 75. 
Spore 01, Pityoeporitee sp. (PI. XIII, fig. 176). Fig. 76. Spore 99 , sl.-alit with thloksnsd 
margin (PI. XIII, fig. 176). 
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Spore 82 (III, 2, a, ii, (6) ), Pityosporites sp. 

PI. IS, asrs. 160, 161. 

Body round, transversely striped (figr. 160), 

The spore in dg. 161 has no stripes preserved; but it resembles the 
spore represented in fig. 160 in every other respect. 


Measurements are as follow: — 

Transverse 

Fig. 

Body. 

axis of the wing. 

160 

68|i, 

41pk 

161 

67p. 

44)i 

These spores are 

somewhat 

similar to Spore 81 from Bihar 


(PI. 8, figs 120-I22) in their shape and structure, although in size they are 
larger. 

Spore 83 (III, 2, a, ii, (7) ), Pityosporites sp. 

PI. 13, fig. 162; Text-fig. 68. 

Spore 8S from the 20-26 ft. horizon ( PI. 6, fig. 68; Text-fig. 34) 
and Warchha (PI. 7. fig. 92) has already been described. Body 74p,x69p,; 
transverse axis of the wing 52|i.. 

Occurrence:— 

20-26 ft. horizon, Kathwai, PI. 5, fig. 68. 

Warcha, PI. 7, fig, 92. 

Spore 84 (III, 2, a, ii, (8) ), Pityosporites sewardi. 

PI. 18, figs. 168-165; Text-figs. 69-71, 

The spores referred to this species have been described elsewhere 
(PI 6, fig. 69). The spores in figs. 163 , 164 present the lateral and in fig. 165 
the ventral views. 


Measurements are 

as follow:— 


Transverse 

Fig. 

Body. Body wall. 

axis of the 




wing. 

163 

...28fiX27|L 

l|i 

26)1 

164 

...28|j,x26|i. 

2|z 

27|t 

166 

...28}LX28|t 


28|l 
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Occurrence:— 

20-25 ft. horizon Kathwai, PI. 6, tig. 59. 

Permo-Carbonifeious shale, Newcastle, PI 15, 5gs. 190 B, 191, 192. 
Spore h5 (III, 2, a, ii, (9) ), Pityosporites ap. 

PI. 13, fig. 166. 

Spore 85 from Warchha (PI. 7, fig. 93) has already been described. Slit 
is clearly visible. Body 32}i; transverse axis of the wing 34ji.. 

Occurrence:— 

Warchha, PI. 7, fig. 93 

Daltongunj coalfield, Bihar, PI. 8, fig. 123. 

Permo-Carboniferous shale, Newcastle, PI. 15, figs. 190 A, 193, 194. 
Spore 86 (III, 2, a, ii, (10) ), Pityosporitea sp. 

HI. 13, fig. 167. 

Spore 86 from the li ft. horizon has already been described above 
PI. 2, fig. 21. As the spore cannot be traced its measurements are not given. 

Occurrence :~ 

ft. horizon Kathwai, Pi. 2, fig. 21. 

Spore 87 (III, 2, a, ii, (11) ), PityoeporiUa sp. 
i’l. 13, figs. 168-172 ; Text-fig. 72, 

Spore 87 needs no more description, as, the spores referable to this species 
have been described in all the previous sections except the one of the 4i ft. 
horizon. 

The spore in fig. 172 is an enlargement of PU. from the group of spores 
shown in fig. 171. Such groups of spores are very common in the preparation. 


Measurements of the 

spores are as follow : — 

Transverse 

Fig. 

Body. Body wall. 

axis of the 
wing. 

1B8 

... 4]|iX41|ti Sp 

42(1 

170 

... 54|j,x44)t 

86|t 

172 

... 62(1 X44p 

44(1 
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Occurrence 

li ft. horizon, Kathwai, PI, 2, figs. 22, 23. 

20-26 ft. horizon, Kathwai, PI. 5, fig. 60. 

Warchha, Pi. 7, figs. 94, 96. 

Jhallewali, PI. 7, fig. 106. 

Daltongunj coalfield, Bihar ; PI 1, figs. 4, 6. 

Spore 89 (III, 2, a, ii, (13) ), Pityosporites sp. 

PI. 18, fig. 173 ; Text-fig. 73. 

Spore elliptical, transversely striped ; slit not visible, transverse axis of 
the wing H times that of the body, granulation of the wing showing a ten- 
dency to be pitted (both the wings appear to be fused). Body 50|tx42p, ; 
transvese axis of the wing SSp,. 

Spore 90 (III, 2, a, ii, (14) ), Pityosporites sp. 

PI. 13, fig. 174 ; Text-fig. 74. 

Body approximately round, transversely striped; slit faintly visible, 
transverse axis of the wing U times that of the body. Body 43 |l >< 38|ji ; 
transverse axis of the wing 47|i.. 

Spore 91 (III, 8, a, ii, (16) ), Pityosporites sp. 

PI. 13, fig, 176 : Text-fig. 76, 

Body round, transversely striped, slit faintly seen (fig. 176 and Text-fig. 
75, si), transverse axis of the wing li times that of the body. Body 
44n X 40p, , transverse axi.? of the wing 60p, 

Spore 93 (III, 3, b, i, (1) ). 

PI. 13, fig. 176 ; Text-fig. 76. 

Body broadly elliptical, longitudinal slit extending to the wall (fig. 176 
and Text-fix. 76 si) margins thickened, wings considerably larger than the 
body. Body 60(1 X 48|t ; wing 87p,x66|i. 

8. Spokks and other Organic remains from the Glacial Tilliie. 

Bacchus Marsh, Victoria. 

PI. 14. 

As anticipated, the Permo-Carboniferous glacial tillite from Bacchus 
Marsh yielded on maceration various kinds of spores and organic remains. 
The fact that the shales only H ft. above the Talchir Boulder bed in the Salt 
Range had yielded spores gave hopes of finding them even in the glacial 
matrix itself. So the work in this line was started, and at the request of 
Professor Sahni samples of the glacial matri:t vvere supplied from man^ 
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localities in Australia. Samples were received only from one locality in 
Afiica. Mr. Wadia of the Geological Survey of India supplied us with 
samples from Kashmir. The authorities of the British Museum were kind 
enough to send small pieces of tiliites from Bacchus Marsh in Victoria 
(Australia) and from Cape Colony in Africa. A cursory examination of some 
of these materials was carried out ; except the sample from Bacchus Marsh 
none else yielded spores. Incidentally it may be mentioned here that this 
locality is well known : for, Gangamopteris and Schizoveura were found in 
beds interstratified with the glacials (Sussmitch, 1922, p. lUi). The discovery 
of spores from that locality is, therefore, not an unexpected one. It is of 
interest to note that most of the types of spores from Bacchus Marsh were 
strikingly similar to some of the spores from India, from horizons much 
higher than that of the Boulder bed. Similar spores were figured and briefly 
described in a previous communication (Virkki, 1939, pp. 7-12; PI. 1, figs. l-S; 
Text-figs, a-d.); such spores as have already been described are marked*. 

Locality and horizon — The piece of tillite, sent by the authorities of the 
British Museum, carried the following label Tillite (Permo-Carboniferous), 
Coimadai Creek, Bacchus Marsh, Victoria, off B. N. 1925, 966.’** 

Afatenai.~The tillite was slightly clayish with minute pebbles in it. It 
could be easily dissolved in Schulze’s maceration fluid. 

Tracheid. 

PI. 14, fig. 177. 

One of the small bits of tracheids obtained from the glacial tillite of 
Bacchus Marsh is represented in fig. 177. The pits on the tracheidal walls 
are only in one series. They are oval in shape and slightly larger than 
those already figured from Warchha (PI. 6, fig. 62), Bihar (PI. 8, fig. 106) 
and Rewa (PI. 9, fig. 127). Besides, fts said above, this has only one series 
of pita, while those already describea have two to four such series. 

UNWINGED Spores. 

Spore 1 (I, 1, a, i, (1) ) 

PI. 14, fig. 178. 

Spore 1 from the 14 ft. horizon (PI. 1, fig. S), 44 ft. horizon (PI. 8, 
fig. 24) and Pali beds (PI. 10, fig. 128) already described. On the left 
hand side of the figure there is a fold which appears as a thick wall. 
Spore 88|j,x82ii,. 

Mn a letter, dated 2nd August, 1944, Professor E. S. Rills of Melbourne informs me 
that this glacial horizon is now regarded by Australian geologists as definitely Psimtap. 
B, Sahni, 
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Occurrence:-* 

ft. horizon, Kathwai, PI 1, fig. 3. 

4i ft. horizon, Kathwai, PI. 3, fig. 24. 

Pali beds, Rewa, PI. 10, fig. 128. 

Spore 14 (I, 2, c, i, (1) ). 

PI. 14, fig. 170. 

Spore somewhat elliptical, one end slightly broader than the other; 
slit as long as the body, sides thickened; surface faintly granular; wall 
thin. Spore 66p. x 38j*. 

Onk-winued Spokes. " 

Spore 33 (H, 1, ft, ii, (1) ). 

(PI. 14, fig. 180) 

Spore and body elliptical; wall of the body thin with folds; trasverse 
axis of the wing broader than the vertical axis, granulation coarse. Spore 
146^1 x69p,; body 101}tx69p.. 

The wing near the centre of the spore is slightly ruptured, giving it an 
appearance of two wings. 

Spore 43 (II, 3, b, i, (2) ). 

PI. 14, figs. 181, *182, *183, 

Spore 4S has already been described above (Bihar) and (Rewa). 

The triradiate marks is preserved in all the three, although only in 
fig. 181 it is visible. 

Measurements are as follow:— 


Fig. 

Spore. 

Body. 

Rim. 

181 

74|i,X63p. 

48)1 X 36)1 

9)1 

182 

74)1 x63p, 

49)1 X 45)1 

8)1 

183 

86mx72»* 

63)1X47)1 

.7)1 


Occurrenc*:-- 

Daltongunj coalfield, Bihar, PI. 8, figs. 110, 111. 

Pali beds, Pewa, PI. 11, fig. 141. .. 

Spore 48 (II. 3, 6, i, (7) ) 

PI. 14, fig. *184. 

Spore LB from the 20*25 ft. horizon, (PI. 4, fig. 46 ) and Daltongunj 
coalfield, 3ihar, (PI. 8, fig. 116) already dealt with. The two arms of the 
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triradiate mark are clear in the photognraph. Spore 96|i,x87|l; 72f»x63|L; 
nm 13iui. 

Occurrence; — 

20-25 ft. horizon, Kathwai, Pi. 4, 45. 

Daltongunj coalfied, Bihar, PI. 8, 116. 

Spore 49 (11, 3, b, i, (8) ). 

PI. 14, fig. *186. 

Spore 49 needs no more description as it has been described above. 

The triradiate mark is faintly seen in the photograph. A part of the 
spore is torn off. Spore 118a x IOOjjl; body 83[i. x 68ji, rim 12|i. 

Occurrence:— 

* H ft. horizon, Kathwai, PI. 2, fig. 14. 

20-25 ft. horizon, Kathwai, PI. 4, figs. 46, 47. 

Daltongunj coalfield, Bihar, PI. 8, fig. 117. 

Pali beds, Rewa, PI. 11, figs. 143-146. 

Spore 50 (II, 3, 6, i, (9) ). 

PI. 14, fig. *186. 

Spore 50 from the Pali beds, Rewa, has been described above (PI. 11, 
fig. 146). The triradiate mark is quite faint in the photograph. Spore 150p. 
xlWp,; body I0i’nx72p,: rim 14p,. 

Occurrence:-— 

Pali beds, Rewa, PI. 14, fig. 146. 

, Spore 59 (II, 3, 6, i, (18) ). 

PI. 16, fig. 187. 

Spore elliptical, body approximately round, attachment of the wing 
intramarginal, triradiate mark not visible, transverse axis of the wing much 
greater than its vertical axis. Spore 197|i,xl26|ji ; body 106 (lx94ii. 

Although the wing is actually single, the attachment of the wing to the 
body shows that there is a tendency for the wing to become double. Points 
of constriction are seen above and below. A part of the upper layer of the 
wing is torn away above, clearly displaying the lower layer. 
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This spore can be compared with Spore 60 from Warchha, (PI. 6, fig:. 88) 
and Rewa, (Pi. 12, fig. 154); but the spores from these localities have their 
wings slightly more reduced both above and below the body. 

ANIMAL Remains 
PI. 14, fig. 188. 

The piece of chitin shown in fig. 188 was obtained along with the spores 
and bits of tracheids during maceration of the tillite. The top part of the 
photograph convinces us that it has the shape of a sheath. It has reticulate 
markings on the surface, and here and there pointed spines also are seen. 

It is difficult to attribute this structure to any particular part of an 
animal ; probably, it is part of the antenna of some insect. 

9. Spores prom the Permo-Carboniferous of Newcastle, 

New South Wales. 

Pl. 16. 

In a previous communication {Virkki 1937, pp. itS-iSl; PI XXXII, 
fig. /; Text- fig. ti) the spores from the specimen from Newcastle, 
N. S. W., shown in Pl. 15, fig. 189 were figured and briefly described 
along with some spores from the Salt Range, Punjab. As stated there, 
maceration of a small bit of the shale yielded spores in clusters, as well as 
single spores. Later, repeated attempts were made in vain to find a trace 
of a sporangium or of any other part of the fructification, which might have 
borne the spores. It is interesting that only spores of the Pityoeporites type 
were recovered from the rock. Spores similar to these in shape and structure, 
though not in size, had been obtained in groups from the Glossopteris— heating 
shale (The structure of Glossopteria communis Feistmantel) from the Dalton- 
gunj coalfield, Bihar, and from the Pali beds, Rewa (Pl. 9, fig. 126; Pl. 13, 
fig. 171) In all these cases no trace of the organ, which bore the spores, was 
obtained ; but a piece of the lower cuticle of Gloasopteris communis (The 
structure of Glossopteria communis, Feistmantel) from Bihar contained groups 
of these spores adhering to it. 

The spores obtained from the shale from Newcastle were of two sizes, 
and the smaller one has been named Pityoeporites sevoardi ( Virkki, 1937, p. iSO), 
after the discoverer of Pityosporitea antarctieus {Seward 19U, p. 23-, Pl. VIII, 
fig. 45; 1988, pp. 811-818). 

Locality and horizon. The specimen carried a label wherein it is stated 
that it belongs to the Permo-Carboniferous of Newcastle, New South Wales. 
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Material The dark shale carried layers of closely arransfed impressions 

and incrustations of Glossopteris species, which was labelled as G. browniana. 
Satisfactory preparations of cuticles were not obtained. 

Two- WINGED Spores. 

Spore 84 (III, 2, a, ii, (8) ), Pityosporites aewardi. 

PI. 15, figs. 190B, 191, 192. 

These spores do not need any further description, as spores of this 
species from the 2<)-25 ft. horizon and the Pali beds, Rewa, have been already 
dealt with fully. Figs 191, 192 represent the two lateral views of the spore, 
where fig. l92 shows the striped body above with the wings beneath, while 
in fig. 191 the origin of the two wings can be clearly seen. Fig. 190 represents 
a piece of cuticle with P. sewardi (fig 190B) and Pitijosporites sp (fig. 190A) 
adhering to the surface. The spore marked Pit. S. v. presents its ventral 
view, where the body is below and the wings are on either side of the slit. 
As the spore is very dark, the slit cannot be brought out in the photograph. 

An average spore has its body measuring 27|i, across and the wing 36p 
(transverse axis). 

Occurrence:— 

20-26 ft. horizon, Kathwai, PI. 5, fig. 59. 

Pali beds, Rewa, PI. 13, figs. 168, 165. 

Spore 85 (III, 2, a, ii, (9) ), Pityosporites sp. 

PI. 15, figs. 190A, 198, 194. 

Description of Pityosporites sp. has been already given above as 
spores of this type are dealt with from Warchha, Bihar and Rewa. 

Fig. 193 represents the dorsal view of the spore, where the striped 
body is seen lying above and the wings below. Fig. 194 shows the lateral 
view. 

Measurements of an average spore; Body 50m wing 80 |l. 

Occurrence:— 

Warchha, PI. 7, fig. 93. 

Daltongunj coalfield, Bihar, PI. 8, fig. 123. 

Pali beds, Rewa, PI. 18, fig. 166. 
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Discussion. 

Tendency of the one~winged spores to become tioo-winged. 

Text-figs. 77-81. 

A comparative close survey of the various spores (Spore Jt2 longer— Spore 
60) shows that the spores seem to undergo transitions of the nature illustrat- 
ed in Text -figs. 77-81. Thus the one-winged type of spore in Text-fig. 77 is 
inclined to gradually become two-winged as in Text-fig. 81. The transverse 
axis (A-B) of the wing (w.) tends to become (in length) about double its verti- 
cal axis (C-D) as in Text-fig. 78 or about thrice or fourfold as in Text-fig. 79 ; 
and the attachment of the wing tends to transform itself from one of mar- 
ginal type (m. a.) as in Text-figs. 78, 79 into one of the intra-marginal type 
(i. m. a.)asin Text-figs. feO, 81. Finally, there is a tendency to eliminate 
the vertical axis as in Text-fig. 81. All the spores from Spore ^ to Spore 55, 
discussed in this paper, fall under the type of Text-fig. 77. Spores 56, 57, 59 
and 60 respectively, fall under the type oi Text-figs. 78, 7.t, 80 and 81. 

(Spore 58 is excluded from the review, being badly preserved). 



" ■ 80 

Text-figs. 77-81. Somewhat diagrammatic aketches of the one-winged Spores 
(Spore kt. Spore SO) representing the various stages, where they show a tendency to 
become two-winged. Fig. 77, round spore width wings of uniform width all round; attach- 
ment of the wings marginal. Fig. 78, transverse axis of the wing twice its vertical axis, 
which is 1/6 the transverse diameter of the body; attachment of the wing marginal. Fig. 79, 
transverse axis of the wing thrice to four times Us vortical axis, which is 1/7 the transverse 
diameter of t^e body; attachment of the wing marginal. Figs. 8U,81, attachment of the 
wings intramarginal. In fig. 81 vertical axis of the wing more or less completely eliminat- 
ed. 6.-body; A»B. line representing the transverse axis of the wing; C— D. line represent- 
ing the vertical axis; t.m.a.. intra-marginal attachment; m.a. marginal; to. wing. 
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The relation of the Gloseopteris flora to the glacial conglomerate. 

The climatic relation of the Gloseopteris flora to the glacial age has been 
a Bubject of controversy for the past many years. Profeasor Seward 
1,1929, p- 12). Professor Sahni (1926, p. 2S9; 1937, pp. 217, 218; 1938, 
pp. 11-16; 1939, pp.1-6). Dr. di* Toit (192Jt, p. 75), Jongmans and others 
are the strong upholders of the view that the flora co-existed with 
the ice. In a recent address delivered before the Biological Section of the 
Indian Academy of Sciences Professor Sahni (1939, pp. 1-6). has fully 
discussed the question on the basis of the available data. Dr. Fox (1931, 
pp. 7, 8, IS, U', 1937, pp. 216, 217), who had made an extensive study ol 
the Gondwana system, disagrees with the others. Be says "the conclusion 
that the Gloseopteris flora flourished in a cold climate is open to question," (Fox 
1931, p. 7). When discussing the climate of the Glossopteris flora he, (Fox 
1981, p. H), draws our attention to some "important factors ” and writes, 
"There is no doubt that a Glossopteris flora has not been found closely associat- 
ed with the glacial Boulder beds of the Gondwana system. In Kashmir and 
thft Punjab Salt Range the Ganaamoptervs (with Glossopteris) horizon occurs 
at a considerably higher horizon than the Boulder bed. The conclusion is that 
the climate of the Ice Age was not favourable to the Glossopteris flora ". The 
evidences (Fox 1931, pp. 7, 8, also see p.. 13) set forth by him are that "The 
bedded character of the Talchir sediments above the boulder bed suggests 
deposition under water and also the disappearance of the ice. The remains 
of fossil plants are only found in the topmost beds of the Talchir series and 
might well be interpreted as indicating a temperate climate ". In 1931, when 
Dr. Fox made these statements, evidences were already available poin ting to 
the existence of a flora associated with the Boulder bed. In Africa as early 
as 1921, Dr. T. N. Leslie (1921, p. 23), had recorded the occurrence of 
fairly well preserved impressions of Gangamopteris, one of which was photo- 
graphed by Seward and Walton. (1923, tl. 23, fig 23). This discovery was 
followed by another similar And by Dr. du Toit (du Toit 192U, p. 75) , from 
another place, Strydenburg, in the same region. In 1922 Siissmilch (1922, 
p. 144), made mention of the occurrence of Gangamopteris and Schizoneura 
in beds interstratified with the glacials at Bacchus Marsh in Australia. 

Till last year there was no evidence from India in favour of the view 
that the Gloseopteris flora co-existed with the ice. The shales collected 
from li ft. and ft. respectively, above the Talchir Boulde| bed yielded 
various kinds of spores, both winged and unwinged. Similar, if not ident4eal, 
spores were also found in the 20-25 ft. horizon at Kathwsl, the horizon below 
the Middle Productus Limestone (Warchha), the Daltongunj coalfield (Bihar) 
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and the Pali beds (Rewa). In these horizons only members of the Glossopteris 
flora are reported to have been found. 

It is not easy to assi$rn a definite age to the ft. horizon* when even 
the age of the underlying Boulder bed itself is in doubt. In a letter dated the 
12th November 1937, Mr. Wadia expresses the opinion (see above) that 
the Boulder bed exposed in a section at Kathwai is not the original one, but 
that it consists of reasserted boulders. Yet. according to him, the difference 
in age between the original glacial bed and the reassorted one is not consider- 
able. As regards the sediments of the U ft. horizon Professor Sahni has said 
(see quotation above) that this lowermost plant-bearing horizon may be taken 
to be approximately of the same geological age as the glacial bed. It, there- 
fore, seems likely that the Glotmpteris flora was already in existence even 
during the glacial epoch. 

A futile search was made for spores in the glacial matrix from the Salt 
Range. As already stated samples of the glacial tillite from Kashmir, 
from several localities in Australia and from two localities in Africa were also 
tried ; only the sample from Bacchus Marsh, Victoria, yielded spores and 
other organic matter. The fact that most of the spores showed a close 
resemblance with those already described from the other localities, evidently 
shows that the spores from the Bacchus Marsh glacial tillite belong to mem- 
bers of the Gloseopteria flora. These evidences strongly support the view that 
the Gloaaopteris flora of the Southern continent was contemporaneous with the 
ice Age. As yet, we have no such evidence from S. America. 

The origin of tlw Gloaaopteris flora is not known. As Professor Sahni 
{19^6, pp. SS9, HO; 1938, p. U; 1939, p. 3) points out "at least some 
of the lines of descent can be traced back into the pre-glacial flora.” The 
glaciation that followed probably wiped out many of the old representatives, 
and the few that survived the cold climate later multiplied, reaching their 
height of development in the Permian. The spores too are found to be fewer 
in number and variety in the glacial matrix than in the higher horizons ; 
without making a quantitative study of the spores in the different horizons it 
would be presumptuous to make an estimate of the gradual increase of the 
flora from the glacial epoch to the later periods. 

At present nothing definite can be said regarding the nature of the pre- 
glacial flora. As suggested by Professor Sahni it will be worth while to make 
a search for spores in the beds immediately underlying the glacial eon- 
glomeratf. 
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Explanation of Plates, 

All figures are from untouched photographs. Panchromatic plates were used in the 
case of photo-micrographs. 

Each slide from where spores are figured and described carries a label denoting the 
number of the slide (in red ink), the number of the specimen from where the preparations 
were made, its locality and horizon. The location of each spore on the slide is indicated 
by three numbers, thus: 66-&2‘4/85'l. The first (65) designates the number of the slide, 
the second (62*4) the ordinate and the third <85-l) the abscissa reading of the mechanical 
stage. 

The following abbreviations are used in giving the size of the sporea>- 
6.— Body; 6.ui— body wall; Ls.— largest spore; r.— rim; s.— spore; s.m.— smaUest spore; 
transverse axis of the wing; v.a.— vertical axis of the wing; w.— wing. 

It may be mentioned here that in certain cases the text-figures will not appear true 
to their photographs. This is due to the difference in focussing whsn drawing the figures; 


*Not aoosiilble to the author, 
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in cerUin oaMS, moraover, the ipores are not eta tio nary. 

The figured epeoimene are preserved in the Department of Botany, Lucknow University, 

The measurements of the spores are given in |t. Unless otherwise stated all spores are 
maj^nt fied SSO times 

Plate 1. 

ICathwai, ih ft. horizon. 

Kigr. 2. Photof^rapha of the aection exposed at Katbwai. Fig. 1 ahowe the section from 
where the ahalea ft and 4^ ft respectively, above the Talchir Boulder bed were 
collected, Ihe arrow marks the U ft. horizon and X marks the position from where the 
shales of the li ft. norizon were obtained. The hammer rests on a boulder with the 
Purple Sandstone below and the Speckled Sandstone above. Fig. 2 shows two boulders 
(with the case of a camera stand below). B.— Talchir Boulder, c.s.'— Carbonaceous 
shale; p.s. — Purple Sandstone, s s, — Sandstone. 

Figs. 3-9. Spores from the U ft. horizon (marked X). 




Size. 

Location. 

Fig. 3. 

Spore 1 

32*4X28 

66-52 4/85 1 

Fig. 4. 

Spore 5, bilateral tetrad just ... 
separating. 

70X85 

67-51-9/87*0 

Fig. 5. 

Spore 5, individuals of different 
sizes. 

72X37 

58-60*4/87-7 

Fio. 6. 

Spore 13, slit with rounded ends 

90X85 

74-48*3/97*6 

Fig. 7. 

Spore 18 

82 

68-43 2/93*4 

Fig. 8. 

Spore 36 

a.— 71; 6..^ 

89-30 4/82‘8 

Fig. 9. 

Spore 40, a^.^slit (crescent- ... 
shaped). 

6—66 X 60; r.— 8, 

, t.a.— 22; v.a— 16 

PLATE 2. 

67-58*7/93*7 


Kathwai, H ft. horizon. 




Size. 

Location. 

Fio. 10 

Si ork 42 

.. f.— 68 x62; 6.— 
66X3S; r.— 10 

89-58*2/99*9 

Fia. 11. 

Spore 46 

... ••• a.— 88; 6,— 64 

r.— 4 

60-22*6/88*9 

Fig. 12. 

Spore 46 

... 97X 79 ;6.— 

79XB7; r.— 4 

66-22-9/91*0 

Fig 18. 

Spore 47 

.. a.— 74; 6.-^0; 

r.— 6 

69-62*1/10*6 

Fig. 14. 

Spore 49 

... 101X98; 6.— 

64X61; r.— 7 

66.61*6/92*0 

Fig. 16. 

Spore 61 

a -172; 6.- 

124x97; r.— 8 

76-82*7/92*6 

Fig. 16. 

Spore 68 

... 6.-9BXW; r.-ll; 
i, a.— 22; v, a.— 10 

68-86*8/98-9 
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Fig. 17. 

Spore 64 

.. 6.*~41*6j f» ci."»86j 

74-49-83/102-9 



V. a.— 60 


Fig. 18. 

Spore 64 

6."*^6 j t, ci,*“88j 

89-31*2/96*2 



V, a.— 70. 


Fig. 19. 

Spore 64 

6.-66x42; L o.— 

68-34*6/99 1 



46; V. a. — ^70 


Fig. 20. 

Spore 67 

. 6.-34x22; L a.— 

62-63*8/94*7 



44; V, a, — 38 


Fig. 21 

Spore ^6, Piiyoeponies sp. 

6.-36 x 26; f. a.— 

61-46 8/89*3 



27 


Fig. 22. 

Spore 87, Pityosporiiea ap. 

6.-42x40; t a.— 

68-40 8/84 9 



37 


Fig. 23 f Spore y7, FttyosporUeg ap. 

. 6.-46X40, t, o.— 37. 

62-38 2/101*0 


PLATE 3. 



Kathwai, 4^ ft. horizon (figs. 24-30). 




Size. 

Location. 

Fig. 24. 

Spore 1 

•.—46X38 

56-64*4/91 2 

Fig. 26. 

Spore 30 

. #.—138X98 

66-26*9/102*9 

Pig. 26. 

Spore 36, 6.— body, r.— rim 

- #.—160X100; 

6240*3/89*6 



6.-74x48 


Fin, 27. 

Spore 46 

fi,— 94; 6.-74; 

56-40*8/102 9 



n— 3 


Fig. 28. 

Spore 47 

# —66x68; 6.— 

66-49*0/89*6 



46X42; r. -6 


Fig. 29. 

Spore 71, 6.— body, u;,— wing 

6,— ^4x34; t <i,— 

56-60*2/88*8 



39; V. o.— 70 


Fio. 80, 

Spore 73 

6.-100x60; t, a.— 

66-64*6/91*6 



66; V. o.— 76 



Kmthwai, 20-25 ft. horizon (figs. 31-86). 


The Bporea shown in fiKS* 38, 35, 36 are from the specimen shown in PI. 1, 8, of my 

paper. ''A lower Gondwana flora from 

the Salt Range, Punjab" (Virkki, t9S7); that 

in hs:. 81 from the specimen represented in 

PI. 2, fig. 11; and those in figs. 82, 84 from the 

specimen shown in PI. 7, fig. 51 of the same paper. 




Size. 

Location. 

Fig 31. 

Sporb 6, individuals (in two pairs) 

L #.—68*6x42 6; 

27.26‘7/100 0 


are of different sizes. 

s. #.—61X17 


Fig. 32. 

Spore 6, individuals separated ... 

L #.—86 X 86; s. #.— 

8349-8/102*6 



70X28 


Fig. 33. 

Spore 6, individual spore 

8 — 110xB9;6. le.— 16 

20-21-4/91-3 

Fig. 34 . 

Spore 10 

#.—66X46 

86-61’0/86-4 

Fig. 86. 

Spore 12 

#.—41x40 

28-54‘6/98'e 

Fig. 36. 

Spore 16 

40x88; 6, w,— 3 

21-86'4/96-9 
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PLATE 4. 

Kathwai, 20-25 ft. horizon. 

The spores shown in figs. 37, 38, 41-45, 47 are from the specimen shown in PI 1, fig. 8 of 
my paper *‘A Lower GondWana flora from the Salt Range, Punjab" ( Vxrkki 7M7). The one in 
fi^. 40 IS from the specimen shown in Pi 2, fl 11, and those in figs. 39 , 46, 48 are from the 
specimen represented in PI. 7, flg. 61 of the same paper. 




Size. 

Location. 

i'lG 3'(( 

SPOR13 17 

... ... «. — 68; 6. w — 4 

20-62 -a/sa-s 

I’'lG 38 

SpORK 18 

. ... a —68, 6 itf.— J 

23-46-4/88 6 

t^'iG 30 

Si OKK 19 

... a — 80, 74, 62 (axes) 

39-64 3/89 -8 

Pig 40 

•'^POiiK 0 

. a.-67 

28-47 7/89-6 

i'’lG 41. 

Spore 23 

... a.-.40, 34, 32 

24-34 4/98 

Fig 42 

Si ORE 31, 

body IB faintly in- ii— 164X123 

26-45 7/82-6 



dicated 


I'lG, 43. 

Spore 31 

... .. a— 166x120 

20-67 -6/96 6 

lMG.44. 

Spore 32 

.. a— 263x176 

20-34-2/96 1 

t<IG. 46. 

Spore. 48 

... fi.— 100; 6.— 70 

25 -63 '9/98 '9 

I^’IG 46 

Spore 49 

. a— 116x110; 

89-24’ 7/87 2 



6 —79; r.— 9 


Fk; 47 

Spore 49 

... 118; 6 —83x80 

23-24 8/8* 

f*LG 48 

Spore 61 

... a.— 176X151; 6 — 

89-26 9/82-2 


126X116: r.— 12 


PLATE 6. 

Kathwai, 20 26 ft. horizon. 

The spores in figs 60-62,64 ire from the specimen represented in PI. 1. flg. 8 of my 
paper "A Lower Gondwana flora from the Salt Itange, Punjab" ( Virkki 19$7). Those in flga, 49, 
53, 56, 69-61, are from the specimen in PL 2, ilg. 11; the sporas in figs. 66-58, are from the 


specimen shown in PI. 7, fig. 61 of the same paper. 

Size. 

Fig 49. Spore 62 ... ... 8.^234x198 

Location. 

30-22 4/89 4 

Fig. 6U. 

Spoke 63 

... ... s.-^SO; 6,— 48 

21-84 7/80-9 

I'lG. 61. 

Spore 58 

... a.— 78x74; 6.-42; 

26-68 e/84'S 

Fig. 52. 

Spore 64 

r.— 4 

... a.^146; 6 — 82x74; 

21-49-7/88-6 

Fig. 68. 

Spore 61 

r.— 10 

... 6.-74X70; t, a.— 

29-28 -2/850 

Fig. 64. 

Spore 62 

82; Vo (X, '62 

... 6.-42; f. a.— 22; 

20-84-3/100-7 

Fig. 66. 

Spore 64 

V. a.— 50 

... 6.-63x68; t. a.— 

84-39-8/98-7 


48; V. 0,-79 
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Fig. 66. 

SpOttE66 

b —107X100, t a.— 

39-67-8/98-4 



74; t) 0.-124 


Fio. 67. 

SpORG 68 

ft.~42x36; t a — 

39-23-6/90-4 



70; V. a,— 74 


Ftg. 58. 

Sp«.)RE83, Fiiyoaporttes sp. 

b —HO. 6 w — 5 5, 

•40-82-8/84 



t. a,— 48 

' 

Fio. 5S>. 

Spokk84, Pityoaporitea aewardi 

b —31x27; b. w — 

34-44/97-3 



4; t. 0.-32 


Fig. 60. 

SrouE87j Ptiyoaporitea ap. 

6— 40-0x31,6 «>.— 

27-60-6/97 5 



2; t. a.— 40 


Fio. 61. 

SporkDG 

6. — 58x46, w , — 17 

31-17 5/87-5 


PLATE 6. 



Warchha. 


The tracbeid and apores shown in this plate weie obtained frotn the specimen represented 

in PI. 10 fijf. 78 of my papoi “A Lower Gondwana flora from 

the Salt Range, Punjab” 

( Virkkt J9S7). 





Size. 

Location. 

Fig. 62. 

Tracheids 


6-57-l/80‘5 

Fig. 63 

Spore 5, compact tetrad 

s.— bBX 38 

3 46 8/96-4 

Fig, 64 

Spore 6 

H.— 58X26 

7-27-6/97 3 

Fio. 66. 

Spore 5, individual ... 

8.-68x36; b ui.—l 

4-6'{-6/98'4 

Fig. 66. 

Spore 6, li I 4 four bijr lobes, ... 

50 (each lobe) 

7-30-2/100 68 


B.— li-e. — 14 four small lobes 



Fig. 67. 

Spore 9 

. 8.-66 

4-17 8/91 9 

Fig. 68. 

Spore 16 

8.-104-5x102 

1-50 4/88-6 

Fig. 69. 

Spore 21 

8.-62 

5-26 3/91 6 

Fig. 70. 

Spore 22 

8. — 74; b w —1 

2-86 6/98-8 

Fig 71. 

Spore 28, group of four spores 

8 — 31 

9-25/910 

Fig, 72. 

Spore 23 

8.-30 

7-19 1/96-4 

Fig. TS 

Spore 23 

2o 

4-68 4/93*5 

Fig. 74, 

Spore 24 

8.-61 

3-47 6/91-6 

Fig 76. 

Spoke 26 

8. — 50 

7-26-0/100 0. 

Fig. 76. 

Spore 26 

8.-60 

8-60-7/96 0. 

Fig. 77. 

Spore 27 

8 —68 

4-23 2/91 '6. 

Fig. 78 

SPOUK34 

8 .— 168X118, 6 — 92 x 76; 



r— 10, 

4-62-6/97 6. 

Fio, 79. 

Spore 34 

8.-167x112; 6.-86x78; 



r.— 8. 

6-86'4/88*6. 

Fig. 80. 

Spore 40 s^-^crescent shaped 

8.-121x88,- 6.-62x62; 


slit; r.— nm. 

r.— 10. 

2-24-6/103*0. 

Fig. 81. 

Spore 46. ai.— trirudlate aht ... 

s.— 118; 6.— 100X92; r. 

-9 7-36*0/92*3. 

Fig. 8'.^. 

Spore 56 

6.-66 x 46; r. — 12, t. a.— 



23-2; r. a.— 11 

4-67-8/81-2. 
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Fiq 83. 

Sporb 60 

... 

6.-62; r.— 6; f. a.— 20 6 

:f-a8-2/86-2. 

Fig. 84. 

Spoke 64 

... 

6 — 50; t. a,— 42*6; 





V. a.— 67, 

7-23-0/84-4. 

Fig. 86. 

SpOHK 66 

... 

6.-32x29; 6. w.— 4; 





t. a.— 66; v, o. — 88*6 

7-67-4/99-4. 

Fig. 80. 

Spoke 66 

... 

6.-35x34; 6. w.— 4, 





t. a, — 48; v. a. — 48, 

7-8B*7/88-8. 



PLATE 7. 



Warcbha (liga. 87-99). 





Size. 

Location. 

Fig 87. 

Spoke 69 


0.-80x66 4 

2-29-7/96-6 

Fig. 88 

Spoke 74, sf — longitudinal 

slit; 

6 —40X26; t. a. 16 5, 



r. rim. 


ii. rt.— 40. 

2-35 H/89-2. 

Fuj 89 

Spore 76, al. — longitudinal 

silt, 

6—47x28; r —10, 



r.— nm. 


t a —27 5, V. a. 47. 

3-38 6/103 0 

Fig 90. 

Spore 79, Pityoapo^ itea ap 

, 

6.— 70X60, t a.— 41 

•1-63 0/100-8. 

Fig, 01. 

Si'oRE 80, Fityoaporitea sp 

, , 

6 —69; 6. w —4; t. a —50 

2-4'l-0/l04 1. 

Fig. 92. 

Spore 83, PiUfoaponte^ sp 

, 

6.— 78 <74, L a.— 54 

2-44*0/104-1. 

Fig 93 

Spore 85, Pityiaponiea sp 

. . 

6 —41X29; t a.— 34 

12-28-0/95.4 

Fjg. 94- 

Spoke 87, Pityoapontas sp , 


6.-42, t a —48 

3 89-8/91-6. 


ventral view. 




Fig. 95. 

Spore 87, Pityoapimtea 

sp , 

.. 

7-19-1/95 4. 


lateral view. 




Fig 96. 

Spore 92, Pityosporitea 

sp., 

6 —40, 6. IV , — .t; 1. a.— 66 

2-60-8/97-9. 

lateral view 

Fig. 97 Spoke 94, 6.— body; un — mjs 



6 —30*4, t.a -27 

3-33-6/100-7 


three wings. 




KiG 98 

Spore 96 


.. 6 — 50; w.— 29 (across) 

10-24-0/98 1 

Fig. .99 

Spore 97 

. 

.. 6.— 60X48; w.— 38 

4-37-2/98-2 


Jballew.ili (figB 100-105). 

Spores shown in figs, 300-105 were obtained during the cuticular preparation of 
(JioaaoptertB Bp. rf represented in PI. 16, fig. 137 of my paper *‘A Lower Gondwana flora 
from the Salt Range, Punjab” (Virkhi 19S7). 




Size. 

Location. 

Fig. 100. 

Spore 11 

a.— 74 y 60 

17-60*5/90*0. 

Fiq, 101, 

Spore 20 

a.— 52 

17-87'4/86*4. 

Fig. 102 

Spore 3i 

168X128; 6.-98x84 

18-27 0/87*9. 

Fig 103. 

Spore 41 

6 —60; 6. w.— 6, w.— 6 

17-4r7/98'3 

Fig. 104 

orb 76 , ventral view; alit clear. 

6.-67x68; r —10; 




t. a.— 82 

17-44*0/93*6. 

Fig. 106, 

Spore b7, Pttyoaporitea 8p., cen- 

6. — 62x49; v. a.— 3; 

16-87 6/98*6 


tral view t, a*— 47. 



172 Virkki ; Spores from the Lower Gondwanas of India and Australia 

PLATE 8 

Daltonffunj Coalfield, Bihar 

The tracheid and aporee shown in this plate were obtained from the shale represented 
in PI. 1, fig. 1, in my paper "The structure of the curticle of Gloaaopteria communta Feiet- 
mantel" (Virkki i9S7), 


Size. Location. 


Fio, 106, 

Tracheid 

... 

129-47-6/93-2. 

f 10. 107. 

Spore 3 

146x126 

124-86 3/02 0. 

Fig. 308. 

Spore 28 

77x 64.6.— 48x 89 

123-68-3/88 6. 

Fio. 109. 

Spore 29 

8—96x92; 6.-47x42 

123-20 7/86-7, 

P*G 110. 

Spore 48 

8.-76x62; 6 —.64x41; 

r.— 8 

127-62-8/96-0. 

Fig 111. 

Spore 48, this is taken from the 
upper cuticle of the bit shown 
in PI. 1, fig 4 

a —80x62, 6 —68x46, 

r — 9. 

134 

Fig. 112. 

Spore 44 

8.-114x110; 6- 79 x 70; 
r —15 

123-69 0/94-5. 

Pig. 118. 

Spore 45 

s —94x76; 6 —69X60; 
r.— 8 

129-39-1/87 0. 

Fig 114. 

Spore 46 

8.-106x94; 6.— 76X65 

131-69-2/187-2. 

Pig. 116. 

Spore 46 

8—100x88; 6.— 86X78 

128-80-4/88-0, 

Fig. lie. 

Spore 48 

8.-93x86; 6.-64 

181-696/84-4. 

Fig, 117. 

Spore 49 

129X110; 6 — 
90x72; f-.— 16. 

129.39-7/86-2. 

Fio. 118. 

Spore 70 

6.-38 x 24; t. a.— 

88j v. CL — 68, 

129-27-8/98 1. 

Fw. 119. 

Spore 77, Pttpoaporitea sp,. 

-36x32; t a.— 18 

129-21 2/98 6. 

Fio. 120. 

Spore 81, Pityoaporitea sp. 

o- 

I 

1 

120-84-2/88-6 

Fig. 121. 

Spore 81, Pityoaryoritea sp. 

6.-64x48; t. a.-32 

182-84-0/98-4. 

Fig. 122. 

Spore 81, Pityoaporitaa sp. 

6.-62x48; t. 0.-89 

129-22 8/98-8. 

Fio. 128 . 

Spore 85, Pityoaporitea ep. 

6 —22X80, t. 0.— 26. 

127-48 8/96-2. 

Fio. 124. 

Spore 88, Pityoaporitea sp. 

6.— 48 X 33; t. a.— 46 

182-38-0/98 1. 


PLATE 9 


Pali Beds, Rewa. 

The tracheidfl and stoma in figs. 126, 127 were obtained from the point marked with a 
white label in dg. 126. 

Fio. 126, The piece of shale from which the spores and other organic remains were 
obtained. The region from where the matrix was removed is indicated by 
a white triangular label. The shale carries a very badly prsserved imp res* 
^lon of Glo§$opt$ri$ sp. Slightly reducsd. 
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FiO. 126. An isolated et^a obtained along with the spores. The six subsidiary cells with 
overhanging papillae ure clear. Guard cells and stomatal opening are not 
preberved. x 620 (location— d4-42‘5/98 *4). 

Fig. 127. Tracheids with a portion of a medullary ray x 260 (1 oca tion'-^9 1-48 5/85*9). 

PLATE 10 
Pali BedSf Rewa 

The spores here figured were obtained from the point marked with a white label in 
PI. 9. fig. 126. 



Size. 

Location. 

Fio. 128. Spore 1 

... ... 88X28 

90-53 l/97'O 

Fig. 129, Spoke 2 

... ... s.— 43; 6. 2 

94-'5-8/90'6. 

Fio, 180. Spore 4 

... a.— 280X194 

^105-69*8/93-2. 

Fig. 131. Spore 4 

... a.— 262X201 

94-62 8/96-8 

Fig. 182. Spore 7 

.. a —73x68 

94-44-6/102'7. 

Fig. 188. Spore 8 

... ... Spore not traceable 


Fig. 184. Spoke 87 

... a.—184Xl30; 6 — , 

108-62'6/a4*5, 

Fig. 136. Spore 88 

136X106 

... Spore not traceable 


FiO, 186. SpoPB 88 

... a.— 280X176; 6.— 

90-42 4/88 7 


162X124 

PLATE 11. 

Pali Beds, Rewa. 


The spores here figured 

were obtained from the point marked with the white 

PI. 9, fig, 126. 

Size. 

Location. 

Fig. 187. Spore 38, sf.— slit 

... 5.-236x228; 

108-87.2/84.1 

Fig, 188, Spore 88 

( —160X142 
... a.— 270X 220 ; 

91-63.0/94.6 

Fio. 189. Spore 89 

6.-207x130 
... e.— 227X160; 

100-60.0/90.9 

Fig. 140. Spore 42 

6.-144x96 

•„ s.— 56x49 ; 6.-44 ; 

99-46,0/96.7 

Fig. 141. Spore 48 

r.-"8 

a.— 74X68 ; 6.— 64X61 ; 

98-66.8/87.4 

Fig. 142. Spore 44 

r,— 8 

... ei; 6.— 78X68; 

99-22.1/91.8 


r.— 9 

106 ; 6.-74 ; 
n-10 


Fig. 148. Sl^ORB 42 


96-33.3/94.6 
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Fig. 144. 

Sporb 49 

... 112X10H; 

6.-76 ; r.— 9 

92-46.6/98.0 

Fio. 146. 

Spore 49 

... 118; 6.-87; 

r.— 11 

97-89.7/88.9 

Fia. 14 

Spore 50 

... 140X120; 

92 30.6/90.5 


6.— 100X 76 : r.— 12 
PLATE 12. 

Pali Beds, Uewa. 

^The spores figured here were obtained from the point marked with the white label in 
PI. ». fig. 126 




Size. 

Location. 

Fig. 147. 

Spore (?! 

a.— 170x160 , 

6.— 116X104 , r —14 

97-21.8/87 7 

Fig. 148. 

Spore 58 

.. 92X8-', 6— 66 

101-34.1/90.6 

Fig. 149. 

Spore 58 

... 8.-92x88,6—60, 
r.— 8 

l('l-44.G/89.7 

F;g. 160. 

SPohE 66, b —body 

... 8 —228x176 , 

6.-117x109 

96-83 0/89.7 

Fig. 161. 

Spore 65 

. 6.— 48X42 :r— 7; 

4. o —7 ; V. a . — C 

106-63.4/94.6 

Fio. 162 

Spore 65 

Not traceable 

,,, 

Fig. 163. 

Spore 67 

... 6.— 69X37 ;r — 9; 

t. a.— 26.6 ; 
i>. a.— 7.6 

92-59.3/99.3 

Fig. 164. 

Spore a/.— tnradiate slit ... b — 68x59 ; 

t. a.— 20 ; V a.— 8 

94-29.6/87.2 

Fig. 166 

Spore 68 

.. 6 —88 x 80; 

t. o.- 68 ; V. o.— 120 

101-22.0/101.3 

FiO 166, 

Spoke 58 

... 6.-34 ; t. a.— 66 ; 

V. <’.—74 

98-68.8/94.6 

Fig. 167. 

Spore 59 

... 6.-67 : 10.— 99 6X70 

90-29.9/84.4 

Fio. 168 

Spore 72 

... 6.-68 x 26; 

t. a . — 68 

PLATE 18 

PaliBeda, Uewa 

92-88.0/99.0 


The eporei flcrured in thii plate were obtained from the point marked with a white lebel 
in PI. 9, fi(r. 126. 
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Size. Location. 

FicJ. 15i*. Spore 78 ap. ... 6.— ^0xS2;t a.— 28 99-31*3/97.2 

Fia. 160. Sporr 82, sp . b — 58 , L a. — 41 92-40*8/84.6 

Fig. 161. Spohe 82, sp. ... 6.— 67 ; i a. — 44 96-44*9/100.4 

I’ lG. 162. Spore 83, Pit /yoaporiles Bp ... 6.— 74X59 ;t a.— 52 91-26'2/90.0 

Fig 163 Sporr 84, Ptti/oaporites Btfwarrft 6.^28x27 ; 6. w — 1, 104-38*4/96.0 

i, tt.— -26 

Fig. 1V>4. Spohe 84, F^^^o^i'pOT\ie9 aewardt 6.-28X 26 ; 6. w , — 2 , 92-36 6/100.0 

t fl.— 27 

Fu;. Ib5. Spork 84, Fityonporites aewardi b — 28 ; t. a , — 23 96-66*6/88.7 

Fig, 166 Spore 85, FUyoeporxtea sp. . 6. — 32 ; t. a.— 84 96-36*9/89.9 

Fig. 167. Spore 86, 7^it?/oBporit0« ap. Not traceable 

Fig, 168. Spore 87, Vxtyoaponies Bp. 5.— 41 ; b. w.— 3 , 96-32*1/96.0 

t a.— 42 

Fig. 169 Spore 87. /^it^osporttea ep ... Not traceable 
Fig. 170. Spore 87. /'ifi/oaporite/? Bp. .. 6.— 54X464 , t. a. — 36 103-46*6/99.0 

IK;. 171. Spore 87, ap j?roup ... 98-64*2/89.7 

of sporeB, one of which At., la 
enlariped in Hg. 172 

Fig 172 Spore 87, Atyoffporitaa ap Pit, 6 —62 x 44 , 98-64*2/89.7 

enlRr<?ed from %. 171 t. a— 44 

Fig 173. Spore 89, Fttpoaporitea sp. ... 6.— 50X42 ; 106-53*8/91.6 

t a.— 55 

Fig. 174. Spore 90, Ptfyoapontaa ep. ., 6.-43—38, 94-64*6/16,6 

t. tt,— 47 

Fig 175. Spore 91, Atj/oaporitaa sp.... 6.-44 X 40 ; 92-66*6/84 9 

sL longitudinal Blit t. a— 60 

Fig. 176. Spore 93, at alit with thickened 6 —60 X 48 ; 91-47*2/90.7 

margin w.— 87X66 

PLATE 14. 

Bacchus Marsh, Victoria. 

The Bporea and other organic remainB represented in this plate were obtained from a 
piece of glacial tillite from Bacchus Marsh which waa kindly sent to ProtoBSor Sahni by the 
authorities of the British Museum. The sample of tillite bore the label Tillite (Permo- 
Carboniferous), Coimadai Creek, Bacchus Marsh, Victoria, oiTB. M. 1925 , 966.’* 

A series of spores from this sample will be presented to the British Museum. The figur- 
ed specimens are preserved in the Botany Department, Lucknow University, 


Size. Location, 


t'lO. 177. 

Tracheids 


„ 117.671/91.6 

B'lO. 178. 

Spore I 

... 88X82 

116^1*2/102.4 

B’lo. 179. 

Spore 14 

... *.-.66x88 

118-'j2*6/101.0 

B’iq. 180. 

Spore 83 

... *.—146X69 

116-68-2/108.6 



6.— 101X69 
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Fia. 181. 

Spore 43 

... 74 X 58; 6.— 48 

X 36 J 

12(M7.8/B2.0 

Fta. 182. 

Spore 43 

. , s*““74 X 68 f 6. "49 

X46 ; r." 8 

120-47.1/91.S 

FiO. 183. 

Spore 43 

.. 8.-86x72; 

6,-58X47; r —7 

117-69.1/94.1 

Fm. 184. 

Spore 48 

... 90X87; 

6.-72 X 63; r,— 13 

115-41.0/92.0 

Fia. 185. 

Spoke 49 

s.— 118X109, 

6.— 83X68; n— 12 

117-51.6/86.B 

Pig. 186. 

SpORK 50 

.. s— 160X114; 

,6.-108 X 72; r.— 14 

121-39.0/86.8 

Fio. 187. 

Spore 59 

s— 197X126 , 

6,-106X94 

12U-88.4/87.1 

Fig. 188. 

Animal remains (probably part 
of the antenna of an insect) 

PLATE 16. 

122 


Newcaftt^e, New South Wales 

The spores in this plate were obtained by macerating a piece of the shale represented 
in fig. 189, 

Unleas otherwise stated, all X 400, 

Fid. 189 Shale with impressions and incrustations of a species of GlosaopUria 
labelled as G, hrownxana. Maceration of a piece of the shale yielded 
spores in great quantities. All of them were either Pityoaporitas 
aawardi or Pityoaporiiea sp A few of them are shown in figs. 190*194 
Permo-CarboniferouH of Newcastle, New South Wales, Slightly re- 
duced. 

Fig, 190. A*Spore 86, Ft^yosponfes sp. ; B-Spore 84, PiiyoaporxUB sewordi adher- 
ing to the surface of a piece of cuticle, v. Ptiyoaporxtes sewardi pre- 
senting itBventril view. 

Fig. 191. Spore 84, Pttyosporites aewardx, one of the lateral views is presented ... 

Fig. 192, Spore 84. Ptlyosporitaa aewarnt, lateral view 
Fig 193. Spore 85, Pttyosporites sp., dorsal view 
B’ig 194 Spore 86, Pity^japorxtea sp., lateral view 
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W AKCUHA AND JlIALLEWAU, SALT RaNGE. 

Fiffs. 87—99 . Warchha, just below the Middle Productus Limestone 
Figs, 100— lOo ! Jhallewali, just below the Middle Product js Limesto 
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STUDIES ON THE PHO lOCHEMIGAL ACTION IN PLANTS. 

V, EFFECT OF LIGHT ON THE RESPIRATION OF GLUCOSE-INJECTED LEAVES OF 

EUGENIA JAMBOLANA. 

By Shri Ranjan 

Profcssot of Boiany,- University of Allahabad. 

(Received 20 June 1945). 

ABSTRACT. 

SlarveJ exci^^f<^ leaves of Eugttm jivnbolam were Injected with clirtcreiit concentrations of sugar 
dhd their respiration rate found out, by the Pcltenkofer method, in light. 

Injection of sugar inuncdiatcly effected a rise in CO^ evolution m the control experiments kept 
in dark. The respiration tame doiAn to normal in about 4 to 5 hours. 

Iiyected leaves exposed to light showed considerable photosynthesis during exposure, and when 
iirought back to darkness a very maikcd rise m respiration was noticed. 

The respiration rale in daik following exposure to light continued to be mal*kedly highci’, for 5 
In 6 hours, than the respiration rate ol controls, thus showing that light has a positive effect on the 
respiration rate which, however, is not evident during exposure, due to photosynthesis. 

It is argued that the cffocl of light on respiration is to increase the active hexoses which in their 
turn cause tlie respiratory rate to increase. There is, however, an optimal pitch, beyond which 
ilic respiration rate cannot go. Thus, even when sugar w irgrcted the lespiration rate in light cannot 
go beyond this pilch. In daikncss, the ugection of sugars also temporarily increases the active hcxoscs, 
whereby respiration increa.Hes to this high optimal pitch There u this difference that, whereas in light 
the optimal pitch is maintained throughout the light pcriixi, in darkness this pitch can only be for 
a very short duration, due to the rapid conversion of the extra hexose introduced to form reserves. 

V 

In a previous paper of this series (Ranjan 1940) it was shown that light 
increases the rate of respiration of IHstia shoots and of yellow Ctolon leaves. 
It was suggested that there was a distinct photochemical stage in respiration- 
in light. In another paper (Ranjan and Saksena 1940) similar results were 
obtained with flowers of Merium and Bougamoillea which showed markedly 
increased respiration in light followed by an after*effcct of several hours’ dura* 
lion. In the present paper an attempt has been made to study the effect of 
light on ^reen leaves after jtyecting them with different concentrations of 
glouctui^ 

materials and methods 

Young and healthy green leaves of Eugenia jambolana were selected and 

in daii Into brass plant chambers, the petioles dipping in a few c.c. of 
distilled water, in an dectric incubator maintained at 30'’C±J'’C, A current 
oi' GO,| ibe idr was drawn through these chambers, though no record was kept 
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of the CO 2 evolution for the first 22 hours. After this period, when the respira- 
tion came down to the steady low level, hourly estimation of the CO^ evolution 
by the leaves was begun using Blackman’s air current commutator and 
Pettenkofer’s tubes for absorption of CO^ by baryta water. After 2 to 4 hours 
the leaves were taken out and injected with different concentrations of glucose 
solution (in one case with 2% glucose and Knop’s solution) and immediately 
put buck into leaf chambers in the incubator. One set was exposed to light 
fiom a 1000 Watts Osram electric bulb placed at a distance of about 12 inches, 
the light having to pass through a glass jar 5" broad filled with water which 
was kept changing by the flow of ficsh water through inlet and outlet tubes. 
The heat iMys issuing from the lamp were thus effectively cut off. The other 
set used as a control was kept in dark as before. The experimental plant 
chamber was provided with a glass window for the purpose. For each experi- 
ment two pairs of opposite leaves were used, one from each pair being used for 
the experiment and the other for control. Aftci a period of four hours of 
exposure the light was switched off and the respiration in dark recorded for 
another 5 to 6 hours. 

i 

EXPERIMENTAL RESULTS ANU DISCUSSION. 

Effect of injktion of glucose solutions in dark. 

» 

The results obtained after injection with 1%, 2%, 4%, 8%. , 12% glucose 
and 2% glucose -fKnop’s 'solution are graphically represented in figs. 1, 2, 3, 
4, 5 and 6 respectively. As the recording of the respiration rate starts after 
starvation of 22 hours, it is seen that the COj evolution reaches a steady phase 
where recording begins, and both the control and experimental sets have 
nearly the same respiration rate until they arc injected with glucose solutions. 

The effect of the injections of different concentrations of glucose solution 
can be studied from the figures (dotted lines) representing the control sets. 
On injection most of the respiring cells of the leaves coittc in contact with the 
solution filling the intercellular space: and glucose begins to diffuse into the 
cells and reaches the metabolic centres. Such- injections are likely to staut 
anaerobic respiration. But it has been shown elsewhere that enough oxygen 
enters the leaves for complete aerobic respiration. Glucose after entry may 
either be respired off immediately or be condensed into higher forms of car* 
bohydrates or be transformed into other substance. It is possible thatjril 
such reactions go on simultaneously within the cdils. Soon after injections, 
however, there is a sudden increase in the re^irable substrate in the cells and 
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Ra^Mi t Respiration of glucose injected leaves of Eugenia Jambolttna 

as a consequence the respiration rate rises as shown in figures representing the 
results with 1%, 2%, 4% nnd 5% glucose solutions. However, the higji 
respiration rate is not maintained but it gradually climbs down to the- normal 
rates in about 4 hours, owing to the depletion of the extra respirable material 
by rapid condensation or transformation to other substances. 

With 12% glucose (Fig. 5), however, the respiration rate rises only slightly 
evidently due to the complexities of high external concentrations. The 
respiration rate in this case continues to keep high till the end of the experi- 
mental period showing that the penetration of the glucose is a protracted 
process in this case. 

On the whole' these results correspond with those obtained by the author 
at Cambridge (M.Sc. Thesis) with the leaves of cherry laurel. 

Influence of Light. 

On exposure to light, the CO, emissions in the Pettenkofer tubes show 
an immediate fall, and remain at low level until light is switched off. This 
is evidently due to the simultaneous reduction of carbon dioxide, evolved in 
respiration, during photosynthesis. It is, however, to be noted that the 
COj emission is not altogether stopped in light and part of the COj formed 
escapes out. 

On removal of light, the respiratory CO,, now no longer being photo- 
synthesized, comes out and the resultant curve as a consequence shows a 
rapid rise which is followed by a continuous fall. It was shown in a previous 
paper (1941) that this fall is to be interpreted as a continued influence of light 
even after it is removed, called by the author ‘the after effect of light’. 

The falling respiration curve in the experimental set keeps higher than 
that of the control set, for 5 to 7 hours, after zero hour of darkness. From the 
respiration rate at the zero hour of darkness, i.e., at the moment of removal 
of light one can infer the true respiration rate in light. The fact that it is 
higher than that of leaves kept throughout in dark shows that light considerably 
increased the CO, evolution during exposure to light but it was masked by 
the CO, intake by photosynthesis. That the increased after effect of light is 
not due to the increase of the substrate during photosynthesis is evident from 
the fact that in spite of the introduction of extra glucose by injection in both 
the sets, the respiration rate in control reaches back to the normal much sooner 
than in the experimental sets. It is therefore to be presumed that glucose 
jntroddced by ii^ection is soon built back into reserves as pmnted out above 
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and is not available as a direct respiratory substrate. Thus there is no reason 
fpr the respiration rate to be maintained at high level aftor the brief period of 
adjustment when reserves are built up; for the little amount of glucose forined 
during pliotosynthesis will also naturally be tfanstbrmcd into reserves and thus 
become unavailable for respiration. 

By tracing the smoothed out falling curve backwards, the pitch of GO* 
evolution in light can be derived at the zero hour of darkness. This has been 
done in Figs. 1 and 2 and shown by dot and dash curves. In Fig. 2 the res- 
piration, on iiyection, at the zero hour of injection, in the control set, is also 
similarly shown by (A). 



Fig. 1. 

Control set. 

Experimental set. 

Thus with 1% glucose injection the respiration rate at the moment of 
removal of light is seen to be 10.5 mgms. CO, per hour. The respiration 
with 2% glucose injection (Fig, 2) also reached nearly the s.ame level. It is 
thus evident that the respiration rate at the moment of removal of light is not 
much affected by the percentage of glucose at lower concentrations. It has 
not been possible to find similar respiratory values at the zero hour of darkness, 
with other concentrations of glucose, as the after effect of light does not shov/ 
the characteristic falling curve. 

From the falling curve of respiration, after removal of light, it is evideist 
that the respiration rate in light is high and on removal of light the tate 
gradually falls down to the ‘Mark level.” The levd” of respintrion, 

i,e., the level of true respiration in light can be constructed l;)y ,t«n<^ 
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tfiis high respiration rate at the zero hour of darkness backwards during the 
period of exposure to light. "This is done in Fig. 2 and shown by arrow-heads. 



Fig. 2. 

Control set. 

Experimcntiil set. 

This is, thus, the true level of respiration in light which Ls, however, masked 
by the photosynthetic processes going on during the period. This derived 
unmasked respiration level is higher than the respiration level in dark due ta 
augmentation of respiration by light. Recently Fochler (1938) also obtained 
higher respiration in plants exposed to light and confirmed the author’s previous 
observations that there is an acceleration of respiration for many hours even 
after transferring the tissues to the dark. 

In experiment 2 the control set shows after a short rise a fidling curve 
after iryection with glucose. This curve of respiration is the resultant of two 
curves, tiie. (i) increased respiration due to increase in active hexoscs marked 
(A) in Fig. 2 and (») decrease in the respiration rate due to the rapid depletion 
in the active hexoses and a proportionate increase of the reserve marked (B). By 
interpolation of the curve (A) backwards, the highest respiration on injection is 
derived. This attains the same level as the experimental set on removal of 
light. The increased substrate by inj«:tion and the exposure to light both 
seem to have almost the same effect on the respiration rate— increasing the 
quantity of the active hexoses within the cells. . 

In the control set an injection of glucose increases tempocarily the con* 
centr;ation of this substrate within the cdls where it is partly cemverted to the 
active jbeacoses and partly to the reserve substances until the the concentration • 
again falls to the original Icyel. The sudden berease in the active hexoses is 
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responsible for the increased output of carbon dioxide and as a consequence 
the accompanied rapid consumption of the active hexoscs brings down, soon 
after, the high respiratory level. 



Fg. 3. 

. Control set. 
-Experimental set. 



Time hour*. 

Fig. 4, 

Control set. 

—Experimental set. 

In a previous paper (Ranjan 1941) it was suggested that light also 
increases the active hexoses not by inducing an increase of hexoses in the 
ceils but by converting a part of hexoses into the more active form by absoiiH 
ing the light energy. Thus here, too, an effect similar to the glucose uyect^ 
effect, is manifested in the production of CO, But this high coneentraffou 
of active hexoses can only be n>aintained as long as the leaves are e^osed tq 
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and on removal of light the concentration gradually falls to the original 
level. The similarity in behaviour of COj production can be ascribed to the 
increased production of active hexoses induced by different agencies. 

One other point seems interesting. Temperature has a profound effect 
on the rate of respiration and it was shown elsewhere (Ranjan 1941) that light 
has greatest effect at 27° to 30°C on the respiration rate. At higher tempera- 
tures light did not induce a greater respiration rate as the hexoses were already 
in an active form. It seems, therefore, that with a definite concentration of 
the hexoses in the cells, there is a pitch of concentration of active hexoses that 
can be induced, and the exposure to light or high temperature cannot augment 
the production of the active hexoses beyond this limit which is probably, at this 
level, controlled by some internal factors such as enzymes. The CO* produc- 
tion, being controlled by active hexoses can thus be increased to a definite pitch 
and not beyond. This pitch seems to have been reached by both the experi- 
mental sets in Figs. 1 and 2 and the control sets and therefore the GO, produc- 
tion curves when drawn backwards reach the same level. It is interesting to 
find that an experiment with Eugenia leaves similar results were achieved 
(Ranjan 1941; Fig. 7 page 193). 

The experiment with 12% glucose (Fig, 5) is in a way peculiar. It has 
been mentioned that owing to the very high osmotic pressure on the outside 



Fig. 5. 


Control set. 

- - - Experimental set. 

the penetration of sugar witliin the cells is slow. The building tip of reserves 
is alM idowed down and it results in a continuous supply of respirable substrate 
fof a xiaudh Icntger dme and hence the respiration rate in the c<mtn>l set continued 
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at a high rate for a considerably long time and did not reach the original level 
even up to the end of the experinaental period. At the zero hoor of darlcness 
the respiration rate in the experimental set is fairly high as in the control set, 
due to large substrates available in an active from and the respiration curve, 
therefore, does not show the effect of light as clearly as in other experiments. 



Fig. 6. 

• Control set. 

Experimental set. 

In the last experiment (Fig. 6) 2% glucose in Knop’s solution was injected 
in both the control and the experimental sets. The result is essentially the 
same as obtained with injecting glucose alone and iCnop’s solution seems to 
have no particular influence. 

The autliiV wishes to thank the Allahabad University for meeting the 
expenses of publication of this paper. 
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OBITUARY NOTE ON THE AUTHOR. 


Baleshwar Prasad Srivastava was born in 1904, son of the late Mr. Babu- 
nandan Lai Srivastava, a retired postmaster at Panna, Centrjd India. He 
received his caily education at the. Queen’s A.V. High School, Lucknow and 
at the Agra College. In August, 1923 he entered the University of Lucknow 
and in 1925, after taking his B.Sc., joined my postgraduate class, obtaining an 
M.Sc. degree in 1927. Here he soon developed an interest in botany which 
grew into a keen desire for original work. But the lure of a research 
career had to yield to the necessity of making a living. For broken periods 
from 1927 until his prcmatuie death (from tuberculosis) in 1938 he held 
the post of professor ol' biology at the M.T.B. College, Surat. There he did 
valuable work, for he appreciably improved the equipment of his depart- 
ment, widened the outlook of his students and generally raised the standard 
of teaching. During this period Srivastava met the Danish algologist 
F. Boergesen who has made valuable contributions to the marine algal and 
angiosperm flora of the Indian sea-coast. In assisting Boergesen in the field 
Sriva.stava acquired a stimulating contact with a distinguished foreign botanist. 

For a time Srivastava worked as demonstrator in Botany at Lucknow. 
It was during this period that his interest in palaeobotanical research was 
created. Silicified material of the Rajmahal flora had recently been discovered 
by G. V. Hobson of the Geological Survey of India in the Amrapara district 
of Bchar, and subsequent excursion parties from Lucknow had brought back 
a quantity of further specimens from Nipania. This growing collection 
urgently needed attention, for it contained petrifactions of a classical Jurassic 
flora until then known almost exclusively from impressions. The aim was 
firstly to describe the individual specimens and then to correlate them as far as 
possible with each other and thus to reconstruct what could be visualised of 
the parent plants. 

This was clearly a big task, so I decided to invite the co-operation of B.P. 
Srivastava, A. R. Rao and K. M. Gupta, with myself serv'ing as a co-ordinating 
link and at the same time taking a hand in the descriptive work. Later K. 
Jacob, R. V. Sitholcy and P. N. Ganju joined the Jurassic team, for meanwhile 
further material had come ,in, collected in the Salt Range by E. R. Gee, in 
A%han-Turkistan by C. S. Fox, and in the Rajmahal Hills by our own parties 
from Lucknow. This included impressions and incrustations as well as petri- 
fections. 
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Srivastava’s share in the work turned out to be most interesting, as the 
following paper clearly shows. Although he did not live to complete the 
allotted work he had the satisfaction to know the important contribution that 
he had made to Jurassic palaeobotany. He continued to work here during 
gaps in his long illness, of which the serious nature was not suspected until, 
alas, it was too late. He died at Devas (Jr.) on the 2Ist December, 1938. As 
he had found it difficult to prolong his leave he had taken the entire material 
with him to Surat, where he worked at it whenever he could, occasionally 
visiting Lucknow for consultation. Much of the material had been collected 
by himself, and he also prepared many of the thin sections with his own hands 
at Lucknow, bringing out several obscure structural features by staining the 
slices with safranin, gentian violet or aniline blue. 

The material allotted to Srivastava for description was extremely rich 
in leaves of I'aeniopteiis spatulata McCl. which were associated widi se\'cr 2 il 
kinds of stems and at least three distinct genera of gymnospermous seed-bearing 
cones, besides numerous other fragments. Another lot of the same material, 
equally full of Taeniopteris, was entrusted to A. R. Rao, who was to concentrate 
on the anatomy of these leaves and describe the coniferous remains {Proc. Ind. 
Sci. Congr. 1935 p. 283; 1936 p. 304; 1937 pp, 151-152; Proc. Nat. Acad. Set. 
1943, 1944), 

Before handing over this material I had only made some preliminary 
observations. Williomsonia Sewordiana and Homojylon rajmahalense had already 
been described in full. A lax female cone, presumably coniferous, was now 
briefly described and named Conites Hobsoni after the discoverer of the important 
plant-bearing locality at Nipania {Proc. Ind. Sci, Congr. 1932 pp. 322-323). 
In the midrib and petioles of Taeniopteris spatulata I had found a row of mesarch 
(diploxylic) vascular bundles of the Cycas type {Pro, Ind. Sci. Congr, 1932 p. 322; 
Ibid., 1938 p. 152 Jig. 5). A similar row of bundles was also seen in the rhomboid 
leaf cushions on some small cylindrical shoots of cycadean aspect frequently 
found associated with these leaves, and I suspected (from the number of bundles 
in the midrib and the size of the petiole base) that T, spatulata belonged to the 
same plant as these shoots. 

During his careful investigation Srivastava wa; not only soon able to 
confirm this suspicion but he made several other interesting discoveries among the 
Associated plant remains, which are described and figured in the paper now being 
published below. These and other observations were presented before th? 
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6th International Botanical Congress held at Amsterdam in 1935 {I^oceedings. 
Vol. II pp. 248-249), when a summary- was given of the woric then in progress 
on the Rajmahal flora, and thin sections, many of them stained by Srivastava, 
were exhibited. 

The full significance of Srivastava’s work will only be apparent after his 
illustrated paper has been published : hitherto only a few selected figures and 
brief diagnostic descriptions, drawn up by myself on the basis of the notes left 
by him, have appeared (sec under Stivastava, Palaeobol. in India V, Proc. Nat. 
Acad. Sci. 1944 pp. 73-76, figi. 10-14). Mention should also be made of two 
preliminary papers by him published only in abstract form, without figures. 
These are reproduced below as they may not be accessible to readers abroad. 

W ith his methodical habits of work Srivastava had carefully numbered 
nearly all his sections and the (blocks from which they were cut. With only a 
few exceptions it has thus been possible to conelate his descriptions and 
figures with the original material. Formnately his manuscript (so far as it had 
been written up) was also left in a fairly advanced stage of correction; but there 
are some important gaps, and a few points of detail remain in doubt. The 
author’s younger brother, Mr. D. S. Srivastava, M.Sc., kindly arranged for the 
return to Lucknow of all the MSS., notes, sections and uncut blocks of material 
left at Surat. To liim 1 am indebted for some personal details of the Author’s 
early career. 

In preparing the work of my late pupil for publication I have received 
much valued help from Dr. A. R. Rao and Dr. R. V. Sitholcy, for which I am 
very grateful. This task has been for us a labour of love. It has involved a 
considerable re-arrangement of the text and illustrations, for Srivastava had 
originally intended to publish a separate paper on each of the genera he was 
describing. The explanations of the figures have to a large extent been written 
anew, and the few original explanations available have been checked as far as 
possible with the hdp of notes left by the Author. But, except in so far as this 
was incidental to the rearrangement and editing of tlic material, the original 
language of the text has been left practically unaltered. 

B. SAHNI. 


Lucknow, 21st February, 1946. 
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1. On some sUxified plant-remains from the Rajmahal Series of India. 
{Proc, 22nd Ind. ScL Cangr, Calcutta^ 1935 p* 285). 

Numerous fosstl impresfiions have been recorded from this classical area but so far only a few 
petrilied forms have been described, notably by Seward, Bancroft, and Sahni. The lociUtjr Nipania, 
fiwt discovered by Mr. G V. Hobson of the Indian Geological Survey, has yielded a rich sUicified 
flora, in which several new {[genera and species have been recognised. The majority of the thin 
sections have been stained with safranin and gentian violet with very good results. 

(i) A stem with Lycopodium tolubile type of stele, possibly a petrified specimen of LycopodiUs 
gractlis (O. and M.) 

(li) Ftrn rachues (a) with a single C-shaped petiolar bundle, but of a complicated outline, 
(A) w'lth a single petiolar bundle (? cf. Chichema) m a rachis with attached pinnae or pinnules. 

(fti) Penioxylori Sahmi gen. et sp. nov. Stems with usually five steles arranged in a ring: in each 
stele the ccntnpetal development of the secondary wood far exceeds the centrifugal. 

(it) Mipanioi^lon Guptai gen. et sp, nov Stems with usually eight steles arranged round a 
wkic pilh, which show equal development of the secondary wood on all sides. Possible leal traces with 
numerous bundles are also seen in the cortex. ^ 

(t) Camoconiies gen. nov. Fructifications with numerous fleshy seeds; stony and outer fleshy 
layer well developed; nucellus free from integument. 

(i>r) CoTtttes Bp. OvuUfcrous scales perhaps spiially arranged; one ovule on each scale rather 
dtstally attached; nucellus free. 

2. Studies on some silicified plant-remains from the Rajmahal Series. 
{Pm. 2Mh Ind* Sci. Congr. Hyderabad, 1937, pp. 273-274). 

The study of the following types is based on ulicified material, belonging to the Rajmahal 
senes of India, collected from Nipania, Santhal Parganas, Behar. {Stwastava, Proc. Ind. Sci. Cungr^, 
1935 and Proc. Z^sde InUrnal. Bot. Cong. Amitrdamt //, p. 248, 1935). 

Part I.^On the anatomy of Lycof^hn tndteum gen. et sp. nov., a stem with LycopodkmAikt stele. 

Stems 1-2 millimeters in diameter. Stelat* anatomy Lycopodium like, with about twenty proto* 
xylem groups and very suggestive of the L. volubile type. Phloem and jdilocra sheath not preserved* 
A circular gap (in a cross section) surrounds the stele and this is followed by a band of thick-walled 
inner cortical cells. Stem decorticated. Outer cortex containing the leaf-traces and the clothing 
of leaf bases missing. 

Longitudinal or oblique sections show scalariform pittings, as in the living genus. 

If It 18 really a Lycopod, it is rather strange that the huge lycopods of the Palaeozoic were 
succeeded m the Jurassic by such diminutive types. The p'^nce of Lycopedhxm has long been suspected 
in the Mesozoic, but till now all the species known occur as hnpreiistons {l^podi^s). This specimen 
after all may be a petrified twig of LycopodUfs gre^His (O. and M.). 

To refer this Jurassic specimen to the genus Ly:opodiwn, merely on die strength of ita stelar 
character, may not be advisable. Asttros^don^ for .example, resembles Lycopodium in its stelar character* 
but its affinities arc, as we know, entirely different. In view of this, the specthnen under considera- 
tion has been referred to a new genus lycoj^on. 
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Ptorc n^On Sahm gen. ct sp. nov. — A new type of gymospermk stem. 

This is one of the commonest plant remains in the silicified flora of Nipania and is charao 
terized by the presence of usually five vascular bundles, arranged in a ring m the ground-tissue.. 

Each vascular bundle consists of a lenticular mesarch primary portion. At fii'st secondary 
growth follows equally around each one of these, but soon there is a tendency for a pronounced 
enlripctai development of the secondary elements Wood compact wuh well marked growth rings. 
One to three more or less wedge shaped branch traces aUerriatc with the bundles. Sclerotic nesU 
are present in the ground- tissue. 

Protoxylcm tracheids have annular and spiral thickenings, while the secondaiy elements show 
uniscriate, contiguous, round borderctl pits. Summer tracheids of older wood, however, usually show 
a biseiiatc, contiguous, alternate pitting. Medullary rays uniscriate, usually 2-7 cells high. A 
single large pit in the field. Secondary phloem cells have tangentially thickened walls. 

Sometimes there arc six bundles instead of the usual five. Not infrequently one or a few of 
the bundles grow larger in size than the rest or may show a pronounced centrifugal growth of the 
wood. 


Part m.— ^n JSf'ipamoi^lon Guptai gen. et sp. nov 

Stems with usually eight vascular bundles having equal secondary growth all round. Pith 
and cortex wide, 1-3 sets of more or less mesarch collateral traces ti averse the cortex. Numerous 
sclerotic nests found m the cortex and pith. Xylem of the vascular bundles and the traces consists of 
scalariform tracheids. Radial pits of secondary tracheids unisciiatc, circular, contiguous. Medullary 
rays uniscriate. 

Several spherical stem pieces, hardly a few milhmcteis m diameter (5 mm. to I cm.), also 
show a wide pith, clearly delimited by ‘a jacket of cells’. In the cortex are found eight vascular 
bundles, sometimes less due to fusion, oflen showing a centiilugal disposition of tracheids. 

Piart rV.— Ccmofomlsj — a new genus of fleshy ovuhfcrous cones. 

Giuenc diagmsis . — Strobili bearing several ovules with micropylcs pointing outwards. Outer 
fleshy and stony layer well developed. Nucellus totally free from the integument. Megaspone 
membrane thick. NucelUr cone projects into the micropyle. Ovular supply terminates below the 
base of the nucellus. Female prothalius preserved in many cases. Few seeds contain the remains 
of an embryo, 

Camoepniks sp. A, Compact cones about 2 cm. x 1 cm., bearing 5 to 6 ovules in each 
longitudinal row, sometimes very few. Fleshy layer 1-2 mm. broad. Cones borne on long stalks 
which emanate from a central axis. 3-5 mesarch vascular bundles traverse the stalk. Cone axis 
shows 5-6 meg^h bundles. 

Carmomks tp» B. Lax cones about 3 cm. x 5 cm,, with up to twenty ovules in each longitu- 
dinal row. Ovules smaller but more numerous in this species. Fleshy layer less developed, though 
distinct. On comparison with the original specimen, it seems to be the petrified specimen of what 
is known in impressioni as StrobUiUs Pmopi Sahni. 
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INTRODUCTION. 

The Rajmahal Series, as is well known, forms an important division of 
the Upper Gondwana system of India, corresponding in age to the Liassic of 
Europe according to Fcistmantcl (1877) but probably younger according to 
more recent workers {Halle 1913). It has yielded a store of plant impressions, 
but the general paucity of petrified material, as is general for the Mesozoic 
period, has always been a source of keen disappointment to jialaeobotanists 
working on this formation. Occasionally, however, fossil wood or a few stray 
silicified blocks containing plant remains have been discovered and their struc* 
tural details worked out, notably by Professor Seward, Dr. Biuicroft and 
Professor Sahni. The structure of Buddandia indica {Seward 1917 p. 488), 
Hmo:^lon rajmahalense {Sahni 1932), Williamsonia Sewardiarut {Sahni 1932 a) 
is now well known. 

But it was in the year 1929 that rocks containing' plant remains in a 
comparatively fine state of preservation were discovered in situ, by Mr. G. V. 
Hobson of the Indian Geological Survey, at Mpania, a village in the Santal 
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P&rgana District of Behar. A trip to this otherwise totally out of the way 
place was undertaken by Professor Sahni and his postgraduate students in the 
year 1930 Collections made on this occasion originally formed the material 
of the present paper. This was later supplemented by a further collection 
by the author and Mr. (now Dr.) K. M. Gupta in 1934. 

The discovery of mesarch bundles of the Cyais type in (he midrib of 
Taenioptfiis spalulata by Professor Sahni (1932ii p, 322; 1938 p. 43 and Fig. 5) 

and the few new types described here fully justifies the attention these fossil: 
have received*. 

MATERIAt. AND TECHNI(iUE 

The material consists of silicified blocks, usually of a portable size. The 
majority of the blocks were cut by a wire-bow and carborundum powder, 
but some were later cut by a motor-driven band-saw. One or two sections 
were cut in I.xjndon under the supervision of Professor Sahni, when he had 
taken some of the slides and blocks for demonstration at the Fifth International 
Botanical Congress, Amsterdam (See Sahni 1935). 

Sections, as a rule, have been stained with safranin or gentian violet. 
The stain in some cases permeates into the interior and the organic remains 
take up the stains vividly, the matrix remaining unafl’ected. It was initially 
at the suggestion of Professor Sahni tliat the staining of the sections was attempt- 
ed. Alcoholic safranin, gentian violet, aniline blue, Bismarck brown, ery- 
throsin, Congo red and methyl green were tried. All except Bi.smarck brown 
gave more or less satisfactory results, but the sections were always brilliantly 
stained with safranin and gentian violet. The value of this rather unique 
suggestion of Professor Sahni will be apparent to those who see the amazing 
beauty of some of the stained sections. Staining has brought out some im- 
portant structural details, which would have certainly been otherwise missed 
or overlooked. For ordinary staining gentian violet has been found to be the 
best. Staining for even half a minute is sufficient, but such a stain fades off 
soon. If, however, a section is stained for a couple of minutes or more, the 
stain is more lasting. Double this time or even a longer period is necessary 
while staining with safranin. For slightly weathered specimens, especially 
sections of fossil wood, which are slightly porous, alcoholic safranin gives the 
most lasting result, safranin being also a useful stain for photographic work. 
It is always advisible to keep the stained sections in the daiic. 

*A hilly iUuitratetl account of the leaves known as Tatt^^nHs spabdata has recently been 
published by A. R. Rao (1943). Pm. S'at. Acad. Sri. India. 13, (3): 333-355. B. Sahni. 
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Some blocks are brown coloured, peiiiaps due to the presence of iron in 
the matrix, and arc very suitable for investigation. On the other hand, a few 
are fully silicified and vitreous and arc not at all amenable to staining; they 
present considerable difficulty in the investigation of the structural details of 
their plant-content. Paits of such sections and even some stained sections when 
covered with a coverslip and Canada balsam become almost transparent. 
Several media with different refractive indices from that of Canada balsam were 
tried for mounting. It has been found by experience that the sections should 
be permanently mounted on the slide with Canada balsam and stained. For 
temporary investigation and photography the sections should be flooded with 
water and covered with a coverslip. Glycerine too can be used, especially 
when long exposures are to be given during photography. 

In one case it was felt necessary to take ‘peel’ sections, by etching the 
section with HF and smearing it with a thin layer of Duco. After it had dried 
up, it was pulled off, carrying with it the organic parts of the plant. 

DESCRlFnON AND DISCUSSION 
I. UCOXILON JMDICUM, gen. el »p. nov. 

The following description is based on a single specimen found lying 
tortuously embedded in the matrix of block No. Kll. The first section 
(obliquely transverse) and in many ways the most typical of all the sections so 
far available (Fig. 3), w-as obtained in a slice which was cut from this block 
for the investigation of Pentoxylon (see below; Srivastava 1935 p. 285; 1937 j>. 273). 
In an endeavour to get further transverse sections, one more slice was cut, but 
then it was discovered that the axis was bent suddenly almost at right angles 
at this point and the section had passed through this region, an oblique longi- 
tudinal section being the result. Later, however, two more transverse sections 
(Figs. 1 and 2) were cut; the rest of the axis (not more than 3 cm. in any case) 
still lemains uncut and lies embedded in the block. 

Ste/ar and cortical anatomy. 

General stiucture. 

The specimen consists of a decorticated axis, with only the inner thick 
walled cortex and the xylem elements preserved, and is hardly 1-2 mm. in cross 
section. The vascular cylindel* consists df a few xylem plates, arranged in more 
or less parallel rows, alternating with which are gaps obviously indicating die 
position of the phloem plates; the phloem itself is not preserved. In some 
sections the plates are V-shaped but this is obviously due to die lateral con- 
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prcssion of the axis before fossilisation, and is not at all the original condition^ 
On the two opposite sides (in the figures upper and lower) the plates give place 
to smaller ones of xylem elements, arranged in the form of a V, W or a crescent. 
They are markedly more numerous and more irregular on the upper side in 
Fig. 1. This dorsivcutrality is very similar to the condition found in the 
several species ot Lycopodium belonging to the Cdavata section. The stem may 
have been of a creeping habit, and if so, then the upper and lower sides in 
Fig. 1 may have been the dorsal and ventral sides of the axis. The tortuous 
way in wliich the specimen was lying in the matrix may, after all, be due to this 
plagiotropic habit of the plant. 

Structural details. 

The central cyl nder, as stated, consists only of the xylem elements; 
there are three or four plates of 1-2 rows of comparatively large, more or less 
hexagonal Irachcids (35/i to 50/i in diameter). Phloem, which also must have 
been in bands, is nqt preserved and its place is taken up by gaps between the 
xylem bands. Pholem sheath, pericycle and endodermis too arc not preserved 
and a circulai gap (in a cross section) round the vascular cylinder possibly 
indicates their original place. An occasional bifurcation of the plates is met 
with (Fig. 1.) A cross connection between two adjoining plates, especially 
with the smaller arcs of xylem, is also occasionally seen (Fig. 6). The flanks 
of the xylem plates or arcs are occupied by a group of much smaller but more 
numerous protoxylem elements. Their free ends are, as a rule, slightly dilated, 
especially so in the case of the smaller arcs. This is again an anatomical detail 
in common with the Clavata section of Lycopodium, A^teroxylon, by the way, 
also shows this same feature. There is no evidence whatever of the presence 
of xylem parenchyma cells in the xylem bands (Figs. 1 and 5). 

From the solitary oblique longitudinal section which, moreover, is not 
quite well preserved, it is impossible to give details of the size and form of the 
tracheids. But the sc^lariform pitting of the larger tracheids can still be re- 
cognised at places (Fig. 5). The protoxylem tracheids show a close spiral 
pitting. 

Only a part of the cortex is preserved (Fig. 4), as is obvious from the 
fact that the majority of the marginal cells are torn. The cortex, as preserved, 
must have been the innermost cortical layer, and consists of a few rows of thick 
walled, slightly tangentially flattened cells, with their cell cavities considerably' 
reduced. 
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Stem or ^oot '^ — In the absence of the outer layers of the cortex, which 
would bear the leaf-traces and leaf-bases, if it were a stem, and in the absence 
of any attached fructifications, it must remain an open question whether this 
axis is really a stem or a root. The roots, too, of some species of Lvcopodium^ 
for example, luive a similar stelar anatomy as the stem. To quote Holloway 
(1915 p. 299), ‘‘The long aerial adventitious roots of L, voluhile also might be 
termed cither stems or roots”. The tortuous way in which it was lying in 
tlie matrix can be interpreted cither'way, as showing the habit of a root or that 
of a creeping stem. But if it is a stem, then the question is whether it is the 
primary axis, or a branch of secondary or higher order. According to Boodle 
(1900 p. 316), in L. volubile ‘‘in branches of four successive orders the protoxylem 
groups number 17, 14, 8 and 7 respectively”. Then with this data in view, 
jfrom the study of purely the number of protoxylem groups, which is round 
about twenty in this case, it appears, in spite of its minute size to be a primary 
stem. We have no means, however, of knowing what thickness of the cortical 
region was lost in decortication prior to fossilisation. It may have been full 
grown as the tracheidal walls are sufficiently thickened (Fig. 1). No useful 
comparison can be made with the root structure of any other plcridophyte, 
say the ferns, as here we arc dealing with a concentric protostelc, 

Resemblan€e\ with Lycopodium . — The exaich, dorsivcntral, banded type 
of central cylinder finds its exact parallel in the stems of the Clavala section of 
Lycopodium. The presence of a thick-wallcd inner cortex, indicating roughly 
that the next outer region of cortex may have been composed of softer cells, 
is in line with the structure found in X, clavatum and many other species of 
lycopodium. The dilatation of the protoxylem groups at the free ends of the 
xylem bands and arcs of Lycoxylon is also an important feature oi general occur- 
rence in Lycopodium^ though not confined to this group. The occurrence of 
these characters in common between the two genera cannot be a mere coinci- 
dence. The idea that it points to a genetic relation between the two receives 
support from the occurrence, form and wide distribution in the Jurassic of 
the well known genus Lycopodites. 

Occurrence of the genus Lycopodites in the Jurassic, 

The presence of Lycopodium-X\)s.t plants has long been suspectetl in the 
Mesozoic but till now all the species known have been found only as impressions 
— Lycopodites. The occurrence of this genus in the Jurassic strata has been 
now known for over a ccn'ury. It had a world-wide distribution in the 
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Jurassic and several species have been reported from such remote countries as 
India Scotland, Victoria, New Zealand and America. 

Lycopodiies — as is implied by the generic name — is supposed to be the 
impression of a Lycopodium-lxYt plant and this supposition has gained more 
and more support when heterophyllous forms, branching forms and even 
cone-bcaring specimens were successively discovered. 

Lycopodites gracilis (O. and M.), a species described from the Rajmahal 
series as early as 1877, shows heterophylly, dichotomising stems and terminally 
borne cones, and is thus fundamentally similar m liabit to certain species of 
Lycopodium^ e.g., L, volubile. 

Species of Lycopodites are already known from practically all over the world, 
and the fact that so far it has been unknown in a petrified state, can only be due 
to the general paucity of petrified materials from the mesozoic formations. 
Lycoxylon^ after all, may be a petrified specimen of lyiopodiies g}acilii (O. and M,). 
This IS the first lecord of a fossil plant from the Jurassic practically indentical 
in its stelar anatomy with the living genus Lycopodium, The discovery of the 
entire cortical region and the fructification will be eagerly awaited. 

It is remarkable how the giant Lycopods of the Palaio^oic were succeeded 
in the Mesozoic by such diminutive types. 

The systematic position oj Lytoxylon, 

To refer this plant to the living genus Lycopodium merely on the strength 
of Its stelar anatomy may be rash. Due to the imperfection of our knowledge 
of its anatomy, coupled with the complete absence of any idea of its fructifica- 
tion, it has been thought advisable to institute a new genus Lycoxylon to accom- 
modate it. It may provisionally be included in the family Lycc:>podiacca:. In 
the family Lycopodiaceac too, for its possible nearest allies, we must go to the 
^Clavata section of Lycopodium, 

The Jurassic age of Lycoxylon may indicate that it is a primitive member 
of the family. But the banded type of stele, which is regarded by many as a 
feature of the most highly evolved section of Lycopodium^ and its geological anti- 
quity, may appear as a combination of two radically opposite characters. 
Workers who read the evolutionary tendencies in Lycopodium in the reverse 
direction, may find in it some further geological support for their hypothesis. 
But after all, a reliance on negative evidence in palaeobotanical work, even as 
in other fields, is never safe. There is no knowing when we may come across 
the Selago type of stele, too, from the Jurassic or from a still older formation. 



196 Srlvmstav»: Silicified Plant-remains from the Rajmahal Series 

Diagnosis. 

Generic. Stele of the banded type. Inner cortex made up of thick walled cells. 
Metaxylem tracheids with scalarijorm fatting. 

Specific. Stele dorsiventral with 4-5 more or less parallel lylem bands. Bands 
usually two cells in width. Protoxylem gtoups about 20 in number and slightly dilated. 

Summary. 

More or less decorticated axes, 1-2 mm. in thickness. Stelar ana omy 
similar to that found in the primary stems of the Clavata section of lycopodium, 
with more or less parallel xylem bands in the middle and V or W shaped 
xylem arcs on the upper and lower sides. About twenty protoxylem groups 
occur at their free ends and are slightly dilated. Only the inner cortical layer 
consisting of thick-walled cells is preserved. The metaxylem tracheid'. show 
scalariform pitting and the protoxylem elements are spirally thickened. 

II. PEJVTO.VrLOM SAHmr, gen rtsp nov. 

Occurrence and general structure. 

Sections of ordinary coniferous shoots are extremely common in my 
slides. But frequently also a peculiar type of stem section is met with, which 
has 5-6 steles arranged in a ring in the ground tissue (see plates 2, 3). The 
outstanding feature of these steles is that each of them shows profuse secondary 
growth in the centripetal direction (Figs. 8, 12, 18, 31). 

Fragments of this stem, oblique fractures or crushed and distorted stems 
are met with in practically every block. As an extreme case, in Block 
No. Kll (about 7 cm. x4 cm.) as many as fourteen stem sections of different 
sizes were seen on the exposed surface. Thus judging from its frequency of 
occurrence Pentoxylon seems to have been an important member of the flora, 
next only to Tmioptens spatulata and some typical coniferous shoots. 

Usually the stems are small, 5 mm. to 1 cm. in diameter, but individual 
steles about a centimeter or more in diameter are not uncommonly met witli. 
The softer cells of the ground tissue arc generally poorly preserved, presumably 
because the stems had suffered a certain degree of desiccation bjforc fossilisa- 
tion. 

Anatomy of a typical stem. 

In a typical case the outline of the stems in a crosi section is circular, 
about 5-6 mm. in diameter, with five equally developed steles, arranged in a 
ring in the ground tissue (Figs. 7, 9). Each stele consists of a lenticular primary 
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portion composed of a group of irregularly arranged trachcids, immersed in 
which are a few protoxylem tracheids (Figs. 15, 16, 18, 31). Primary xylem 
- in the majority of cases is crushed or has escaped preservation and is repre- 
sented by a clear space. It is surrounded on all sides by a compact ring of 
secondary wood which is equally developed all round during the first year’s 
growth, but which from the second year onwards shows a marked tendency 
for profuse centripetal growth (Figs. 12, 31). This feature is of an 
unique nature and of great diagnostic value. In the youngest stage that has 
so far been discovered the primary bundle is surrounded by at least two 
years’ growth. 

Ground tissue . — The ground tissue is too indifferently preserved to allow 
a correct description. From the little patches which are sometimes preserved, 
they seem to be made up of thin-walled small cells interspersed in which are 
numerous groups of stone cells or sclerotic nests. 

The ground tissue may be roughly differentiated into three regions, the 
pith, the stelar and the cortical. The pith originally must have been compara- 
tively quite wide, but later much of its dimensions is lost due to the regular 
encroachment that is made upon it by the steles in their centripetal growth. 
The presence of numerous sclerotic nests is a characteristic feature of the pith. 
They arc sometimes arranged in tiers forming incomplete horizontal diaphragms, 
giving the false impression of a discoid pith (Fig. 36). In a slightly older stem 
(slide No. K42/1), a continuous ring of serially arranged thin walled rectangular 
cells is found just immediately interior to the steles (Figs. 18, 31). This “jacket 
cells” may be comparable with the “periderm” of Rhexojylon afritomm 
{Bancroftf 1913, pp, 87-103) and the “sheath of ( )*. 

It clearly delimits the medulla from the stelar region. 

Just outside the stele is an almost complete ring of patches of compacted 
thick-walled cells resembling groups of pericycle fibres. This layer we may 
provisionally call the pericycle (Figs. 12, 32). The tissue outside the pericycle 
would be the cortex. The bulk of it seems to have been lacunar and ptnsibly 
also traversed by many secretory passages. It was externally covered with bark. 

The stelar region, j.r., the space enclosed between the ‘pericycle’ and the 
*jacket of cells’, contains five steles separated by a thin-w^led tissue of con- 
junctive parenchyma, which is rarely well preserved. Alternating with the 
sides are found 1-3 wedge-shaped branch traces, consisting of radiating rows 
of tracheids (Fig. 10). They are more or less me sarch and c ollateral. , 

*llieiNt a Here in the authors original MS.— Sahd* 
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Vascular tissues . — The lenticular primary portioA of the j'tele comists of 
a mass of polygonal cells, a few of which are protoxylem tracheids, being of 
narrower lumen than the rest. In a cross section they may be circular in out- 
line, the rest being polygonal (Figs. 15 and 16). In the longitudinal section 
they show the usual annular and spiral thickenings (Fig. 17). 

As indicated above, each stele shows its own secondary growth, the 
primary portion being surrounded by secondary wood all round, equally in the 
first year, but later with an ever increasing quantity on the centripetal side. 
Secondary phloem, or what is probably secondary phloem, also develops 
remarkably well towards the pith and on the sides but the centrifugal secondary 
phloem is practically a nonentity. Primary phloem is indistinguishable. 
Secondary phloem on the flanks is so well developed that portions belonging to 
two adjacent steles nearly meet each other and are separated by only one or 
two layers of the original conjunctive tissue cells. Secondary phloem consists 
of squarish, radially arranged cells with their tangential walls thickened. 
Some of the parenchymatous cells contain some secretory substance (Fig. 33). 
It is not possible to distinguish the sieve tubes from the phloem parenchyma 
cells. The cambium layer is not preserved, but its probable original place is 
marked by a dome shaped gap between the secondary xylem and the secondary 
phloem (Figs. 18, 31). 

Secondary wood is pycnoxylic, with well marked growth rings, due to 
the difference in the size and the thickening of the wall of the tracheids of the 
two seasons (Figs. 12, 31). There is no wood parenchyma, and no resin canals 
in the wood. The tracheids show uniseriate, round, contiguous bordered pits 
on their radial walls only (Fig. 38), but in older woods a biseriate, alternate, 
contiguous pitting is also met with in the wider summer tracheids (Figs. 42, 43). 

The medullary rays are numerous, uniseriate, 1 to 14 celk in height, two 
to seven being the commonest number (Fig. 37). There is a single jrit in the 
field occupying almost the entire field (Fig. 38). Each medullary ray cdl 
is only slightly longer than broad and usually covers roughly one tracheid. The 
vertical walls of the ray cells tend to be straight rather than oblique. 

Variations Jrom the normal type and anomalous swondaiy growth . — Sometimes 
there are six otherwise normal steles present instead of the usual five (Rg. 9}, 
Several sections showing this characteristic have been prepared fiom ififferent 
blocks. Occasionally, however, one or a few of the five or six Mdes may be 
better developed than the rest, or may show a pronounced centrifiigid growth 
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of the secondary wood, thus disturbing the otherwise circular contour of the 
cross-section. Two successive transverM sections (K65/1 and K65/2) arc 
very interesting from this point of view (Figs. 13, 14). In ^is case one of the 
steles is much better developed than the rest. One flank of the centripetally 
developed wood of this stele, sweeps on to the exterior and there appears a 
radial split in the wood, between the centripetal and the lateral mass of wood, 
though the wood is distinctly continuous on the inner margin (Fig, 13). In 
the other section, a few millimetres higher up, the curved portion of the stele 
separates from the main stele and takes a sweep of a further 60°, so that what 
was centripetal or lateral a few millimetres lower, has gradually become 
centrifugal (Fig. 14). Thus the section now contains six steles, for all intents 
and purposes, as this newly formed stele, showing a profuse centrifugal wood, 
also contains a bit of the primary portion. The growth of the stem, hencefor- 
ward, must have been of an anomalous nature. The newly formed stele may 
be termed an ‘accessory stele.’ 

‘Short Shoots' associated with Pentoj^lon. 

In addition to the typical form of Pentoxyhn stems above described 
there are a number of thinner and shorter axes which appear to be the “short 
shoots” of the same genus. 

Numerous cross, oblique and longitudinal sections are met with, each 
with 5-6 feebly developed bundles. The full sections are usually 4-5 mm. in 
diameter and 1-2 cm. in length. The cortex and pith are relatively wide with 
numerous sclerotic nests in them. On the periphery the section is clothed with 
bases of foliage leaves and scale leaves. At least the distal portion was covered 
with scale leaves (Figs. 27, 30). The leaf-bases have a swollen basal portion 
and an upper oblique continuation of it which at its edge is composed of a 
■different type of cells, which may have formed an “absciss layer” (Fig. 29). 
No leaf, however, has ever been found actually attached to tlicse shoots. In 
•surlBice sections, the leaf-bases are seen to contain several* vascular bundles 
arranged in a row forcibly reminding one of the row of vascular bundles as 
found in the midrib of Taeniopteris spatulata, which is also commonly associated 
with these “short shoots” (Fig. 25), 

In a radial section the sclerotic nests in the pith are seen to lie in hori- 
series, forming something like diaphragms ■ (Fig. 29). Sometimes 
*he y lie irregularly scattered as in the typical PetUoxylon, They have no rela- 
tbn whiltsoever to the lea&traoes. 
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The leaf-traces arise from the central cylinder and traverse the cortex^ 
dividing frequently therein, and supply the upper portion of the leaf-bases 
(Fig. 29). In a transvene section one leaf-trace arises from the margin of 
each of the two adjacent vascular bundles, and the two curve apart in the 
cortex, forming an arc of a circle, with the open side facing the exterior. These 
divide twice or thrice in the cortex and finally the 6-7 bundles pass out to the 
leaf-bases (Fig. 26). 

The radial pitting of the tracheids of these shoots also consists of circular,, 
contiguous and uniseriate bordered pits. 

The frequent association of these shoots with PentojQilon, and the presence 
in them of 5-6 bundles, sclerotic nests and groups of stone cells taking up deep 
stain with gentian violet, uniseriate medullary rays and tracheidal pitting of 
the Pento:gilon type, had always been suggestive of the idea that these shoots were 
only a leaf-bearing part of Penloxylon, something like the “short shoots,” of 
Ginkgo and some conifers; typical Pentosylon itself being the long shoot. A 
sparse amount of woody tissue in these stems only indicated the younger age 
of these shoots. The full .length of these shoots, 1-2 cm. only, also favours this- 
interpretation. This conclusion is further strengthened by the clear indication 
of 3-4 semicircular scars of possibly branches from the margins of a longitudinal 
section of Pentoxjilon, about 3 cm. in length (Fig. 34). But because such questions 
can only be finally decided on the evidence of an actual organic connection of the 
two, it was my constant endeavour to discover a case, where an organic con- 
tinuity of the tissues' of the two could be demonstrated. A section from Block 
No. K4 showed two cross-sections, one of typical Penkuylm and the other of 
this leaf-bearing stem, at a distance of about 3 or 4 mm. (Fig. 25). A thick 
slice 6-7 mm. in thickness was next removed from the block. This showed 
these two stems very closely approximated on the upper surface, but showed 
the cross-section of the typical Pmtoi^lm alone on the lower surface. This- 
slice was later carefully ground by the author from both ends with carborun- 
dum powder, till the organic continuity of the two shoots became apparent. 

This surface was etched with HF and peel sections with Dim were taken. 
But as the acid penetrated the woody tiifsues and as there was a constant fear 
of its being dissolved out by this acid, no more peel sections were taken. This 
sijee was later on polished (Fig. 23). In dds instsmee at least the two shoots- 
are s^en in organic connection, having a common ground tissue. The lea^- 
bearing shoot arises from the main stem at an an^e of about 30”. ‘ 
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Anotlicr block, K 1 1 7, shows what appears to be the cast of one of these 
short shoots, with a number of leaf-bases spirally arranged (Fig, 28). Its 
cross-section showed five light coloured patches in the centre, but the preser- 
vation was too poor for any anatomical study. This possibly shows the external 
features of the short shoot after the leaves had been shed. 

The short shoots themselves seem to have been deciduous, as the presence 
of 3-4 branch scars in a longitudinal section of the long shoot indicates (Fig. 34). 
Again, excepting in the solitary case cited above, they arc always found separa- 
tely in the matrix. They must have fallen off only after the leaves were shef, 
as no attached leaf has as yet been observed. The presence of an absciss layer 
at the base of the short shoot seems very probable as the cells forming the 
branch scars (Fig. 34) are altogether different in shape and colour from the 
rest of the ground tissue cells. The short shoots thus perhaps never took any 
part in the skeleton of the plant itself. 

Fossil woods referable to this genus. 

The woody regions of two blocks, K80 and K62, arc referred to here. 
Block Ffo, A'80. The entire block is a piece of secondary wood about 
6 cm. in length and less than 3 cm. in thickness, with the greater part decorti- 
cated. A transverse section from one end of this block shows it to be a 
pycnoxylic type of gymnospermic wood, with distinct growth rings. The 
woody portion consists of two very unequal parts, each with truncated margins 
(Figs. 20, 21). The growth rings arc rather close, there being over ten growth- 
rings in a radius of about one cm. Whether there was a centripetal or a cen- 
trifugal development of wood, must remain a moot point till more complete 
structures are met with. The main piece of wood shows a prom’nent radial 
crack (seen in the photograph as a sinuous black line) which extends practically 
to the margin of the wood and separates the wood in two unequal sectors. 
The rift seems to have taken place quite early in life, as the growth rings of 
the two sectors seem to have developed independently of each other for ten 
seasons and more. Though the two sectors show a close similarity in their growth 
rings, still there is no absolute correspondence. The crack is invaded with 
parenchymatous cells~the ‘dilatation parenchyma*. In addition to the 
radial rift, there is a tangential crack also near the inner margin of the smaller 
sector. This also is occupied by parenchymatous cells. 

A transverse section of the other end { )♦ 

Though much of the wood is decorticated, still on one s'de a part of the 
cortical region (or is it the conjunctive tissue between two main steles?) is pre- 
"^The authoir^i original MS. w incomplete here. — B. 5aAm. 
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served. The parenchymatous cells are very badly preserved. But the 
interest of this region lies in the fact that it is traversed by four accessory 
xylem strands, showing secondary growth (Fig. 21), the most prominent of 
them being mote or less fan shaped, showing a well marked radial crack. 
Near it lie two smaller strands, showing no special features, but the fourth and 
the largest seems to be an accessory stele, with a median tangential crack, per- 
haps representing the destroyed primary xylem tissue, with secondary wood 
showing two seasons’ growth on either side of it. 

I'his region is followed on the outside by a zone of small thin walled cells 
alternating with a row of resin spools. There are several pairs ol such alterna- 
ting regions. It is difficult to say with any degree of certainty whether it is a 
form of secondary cortex, or secondary phloem belonging to the thin strip 
or wood lying just beside it. This strip of wood itself may be a fractional part 
of another stele. 

Radial and tangential sections of the wood show the usual features of 
the typical Penloxylon wood. 

Block No. Kh2. 

One side of block No. K62, which has otherwise yielded some fine speci- 
mens of Carnoconites {Srivxstava 1937, p. 274) has wood in longitudinal fracture 
on one side, which on sectioning shows the usual anatomical details of the 
secondary wood of Pentoxylon. The only notable variation is the presence of 
biseriate pitting in some of the summer tracheids, the winter ones showing the 
usual uniscriate pits. The summer tracheids arc much broader than the winter 
tracheids, the former being about 24-40/t in breadth and the latter about 
12-16/*. This is obviously a portion of an old wood of Pentoxylon. The 
biscria'e bordered pits arc alternate, meeting in the centre where alone their 
walls arc straight, the rest being curved. Sometimes in the same tracheid some 
parti show the usual uniseriate pitting, the rest biseriate (Fig. 42). Even a 
quincuncial arrangement is observed in some places (Fig. 43), Growth rings 
arc pronounced. The rings are more close on one side but vcr>' much broader 
in the contiguous portion (compare Figs. 39 and 40). 

This mass of wood towards the periphery is followed by a zone of what 
is either secondary cortex or secondary phloem. It is broadly divisible in two 
regions, an inner and an outer. This division is not a natural one, i. t., due to 
difference in structure of the ,two parts, but is due to the collapse and non- 
preservation of the thin-walled tissue adjoining the wood; the outer region being 
comparatively well preserved. The only noticeable parts in a longtttidinal 
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section of the former region being long sinuous streaks of crushed cells, enclos- 
ing smaller or larger patches (? of resin) which take up readily a deep violet 
stain with gentian violet (Fig. 44). This region, though hardly 3 mm. in 
thickness, contains about a dozen such longitudinal rows. The outer region 
in a longitudinal section, about 4 mm. in thickness, shows about six alternating 
zones of radially seriated parenchymatous cells and groups of resin spools which 
appear squarish both in transverse and longitudinal section. The resin-like 
patches of this region appear white to the naked eye (Fig. 45). Each zone of 
radially seriated parenchymatous cells contains 6-7 rows of small cells, po'ygonal 
in transverse section and rectangular in longitudinal section. In a long 
section two such rows arc joined up at short intervals by similar cells, and the 
squarish gaps thus left are occupied by slightly larger cells containing some 
resinous substances (Fig. 45). 

III. CARJ^'OCONITES^ a new genus ot fleshy ovuliferous cones. 

The presence of certain conc-Uke bodies forms a characteristic feature of 
many of the blocks. Two forms, one with bigger but fewer seeds and the other 
with smaller but more numerous seeds, can be distinguished even on a cursory 
examination. At first sight they look like ordinary coniferous cones, but when 
the surface is smoothed and smeared with water or clove oil and examined with 
a hand lens, a characteristic broad outer fleshy layer is at once discernible. 
The ovules, moreover, have their micropylcs directed outwards. These two 
characters alone are sufficient to mark them out as cones totally difterent from 
those of any living species of gymnosperms and also different from all the fossil 
types so far described. Therefore these cones are referred to a new genus, 
Camoconites. 

They were fairly common in the flora, as they frequently occur in most 
of the blocks* 

Generic diagnosis. — Sirobili bearing several ovules with micropyles poinUng 
outwards* Outei fleshy and stony layer well developed* Nucellus totally free from 
the integument, Nucellar cone projects into the micropyle. Shrivelled remains of the 
^male prothallus preserved in some cases. Ovular supply consists of a single vascular 
strandy which pierces the stony layei at the chalazul end and terminates below the base of 
the nuctUus, Few seeds contain the remains of an embryo. 

Specific diagnosis of Camoconites compacium sp. nov. — Compact cones about 
2 cm, X \ cm,, bearing 5 to 6 ovules in each longitudinal row, sometimes very few. 
Flisfy layer 1-2 mm. broad. Cones borne on long stalks which emanate from a central 
oxiV; 3-5 mesarch vascular bundles traverse the stalk. Cone axis shows 5-6 mesarch bundles* 
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DESCRIPTION OF Camoconites cofnpaetum, sp. nov. 

(Figs. 46— 68) also 72,73. 

General features. 

The majority of the cones arc ovate in form but sometimes globose forms 
are also met with containing only a few seeds (see Figs, on plates 5, 6), Some 
rough idea of the construction of these cones can be had from radially and 
transversely fractured specimens. A transverse fracture from the middle of 
the cone is more or less oval and shows 4«6 ovules, usually six, cut in various 
planes. A radial fracture or a radial longitudinal section shows a median cone 
axis running along the entire length of the fructification attached to which are 
a row of seeds on either side, but the ovules at the distal and proximal ends arc 
more obliquely borne. No two ovules arc alike, as they are compactly arranged 
and thus much of the fleshy region undergoes mutual compression. A surface 
section shows a regular mosaic of the fleshy portions with a transverse section 
of the micropylc in some (Fig. 54). 

De' ailed description of the seed. 

The integument. — The integument of the seeds is composed of two layers, 
the outer, fleshy and the stony, the inner fleshy being totally unrepresented 
(Figs. 58, 61). The outer fleshy layer is lined on the exterior by small vertically 
arranged epidermal cells covered over by a layer of cuticle. The rest of the 
tissue of the outer fleshy layer is composed of two distinct types of cells; the outer 
rather extensive zone consists of large th’n-walled polygonal cells, which often 
show a characteristic close reticulate pitting on all their walls (Figs. 72, 73). 
At some places, specially near the micropylar region, the bulk of the fleshy layer 
is composed of these cells alone. Though their pitting simulates so closely, 
even in the minutest details, the pitting of xylem tracheids, still from their 
number and position they do not appear to be tracheidal in nature. They seem 
to have served more or less as water reservoir cells, and kept the seeds turgid 
and in form. Such cells al^ not altogether unknown in other plants. They 
are found* 

This region merges insensibly with a layer of cells which is appressea 
to the stony layer and consists of rather elongated cells with some dash 
contents (Figs. 58, 66). They may be akin to the “resin” cells of sonie 
of the living conifers. {Sahni, 1920 p, 265). 

*MS, incomplete here.— £ Salim. 



StivUtAVa: SHicified Plant-wnains fnm the Rajmahal Series 205 

Thfi stony layer is distinct, and consists of a compact 20nc of very thick- 
vralled polygonal cells. But it is only in a few sections that- the tiny lumen 
and the extremely thick cell wall is at all evident. Mostly they appear as a 
thin-walled tissue (Fig. 66). This deceptive appearance is due to the total 
destruction of the organic matter of the cell walls during fossilisation, leaving 
only the middle lamella which gives the false impress'on of a cell wall. The 
stony layer ends distally in the tubular micropyle which is lined throughout 
by it (Fig, 58). 

Mucellus. — The nucellus is entirely free from the integument except at 
the base, where it is attached to it through a pad-like structure on which it ij 
seated (Figs, 66, 67). Its distal end forms a cone-like structure which projects 
into the micropyle. Shrivelled remains of the female prothallus are preserved 
in many cases. Evidences, however, of the thin-walled cells composing it arc 
seen in a very few places. Megaspore membrane thick. A few seeds contain 
traces of an embryo (Figs. 62, 63), Whenever present, it fills practically the 
entire cavity of the nucellus, though no cellular details of the embryo can be 
made out. Perhaps the ovules were shed in an early stage of development, but 
it is strange thit the stony layer is always fully developed. The usual explana- 
tion of the presence of a period of rest between pollination and seed formation 
may hold good here also. 

Vascular supply. — The ovular supply consists of a single vascular strand 
which pierces the stony layer at the chalazal end and terminate; below the 
base of the nucellus in a pad-like structure (Fig. 66). That there was also an 
integumentary Supply is not quite improbable. A few tracheid-like cells have 
been observed in the fleshy layer, but as the details of the pitting are still un- 
known, the question of the presence or absence of an integumentary supply 
must remain in doubt at least for the time being. 

Form of the nucule, — As already indicated above, the ovules have no 
definite shape. The nucule, though of a more or less definite shape 
•—oval suid bicarinate — shows no well marked symmetry, hardly even in 

the micropylar region, where in a surface section of the cone it appears 
-as a lenticular structure with the micropyle cut transversely and lying in the 
centre. A transverse section of the nucule just bdow the micropylar region 
is biconvex widi one side more bulging than the other, with two lateral carinae 
(Fi^ 46, 54). This bulge becomes more prominent in sections lower down. 
But die cttMS section at the chalazal end is more or less circular. 
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A median longitudinal section of the seed is ustially ovate with fbe 
chalazal end almost flat and the roicropylar end pointed (Figs. 56, 67). 

The seeds may have opened along the carinae as an occasional split in 
some seeds indicates {Fig. 56). The carinx might as well be indicative of the 
principal plane of the seed. 

The pedicel and cone axis . — The cones were borne on fairly long stalks 
(pedicels) which emanate from a central axis, the peduncle. Numerous cones 
were borne spirally on the peduncle, presumably in a 2*5 arrangement. The 
pedicels seem to have been borne at a small angle with the peduncle, so that some 
sections show three to four cross-sections of the pedicels and two to three cross- 
sections of cones distributed closely all round the peduncle (Fig. 63) 

The pedicels for a short distance below the seed bearing region appear 
to be fleshy. A radial longitudinal section passing through this region shows 
below the epidermis a row of two to three radially arranged cells, placed end to 
end, like layers of palisade cells. This apparently fleshy region reminds one 
of the fleshy thalamus of some of the podocarps. The inner tissue of the 
pedicel consists of vascular and ground tissue cells. A transverse section 
thb fleshy region is more or less triangular or oval, with three vascular bundles 
in the centre (Figs. 62, 63). But sections cut lower down are almost always oval 
in form and show the usual three vascular bundles arranged in C-shaped 
fashion, the two lateral bundles being considerably larger than the centraL 
Occasionally, however, the lateral bundles divide, each into two, resulting in 
five bundles as in the cone axis (.see below). The bundles aifi collateral 
mesarch. Transverse sections of the pedicel through the non-fleshy region show 
a thin layer of outer cortex composed of ordinary parenchymatous cells. The 
cclb of the inner cortex are slightly larger, considerably thick-walled, with 
dark inclusions in many (Fig. 69). 

The cone-axis is about 2 mm. in diameter and frequendy pentagonal in 
transverse section, with the ovules borne at the flat sides (Fig. 68). It consist! 
of a mass of parenchymatous cells, scattered among which are many compara- 
dvdy large cells with thick walls or with dsu'k inclusions. A few of these, at 
any rate, may be even secretory cands. 

' I * 

The cone-axis is traversed by five cdlateral, mesardi, prinuory 
arranged more or less in a ring in the ground dssoe (Figs. 71)* 
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The peduncle. — The peduncle is more or less oval in transverse section, 
with tight to nine vascular bundles arranged in a ring round an ill-defined 
broad medulla. The Cortex is broad and contains several pedicel traces, each 
with its characteristic three bundles arranged in- a C-shapcd fashion. Slide 
No. K140/4 (Fig. 63) shows a transverse section of a partly cracked peduncle, 
distinctly showing the central ring of 8-9 peduncle bundles with five pedicel 
traces in the cortex, each with its own trio of vascular bundles. The open side 
of the arch of the three vascular bundles of the pedicel is always towards thef 
peduncle section (Fig. 74). But the case seems to be the reverse when they 
actually enter the pedicels (Fig. 62). The vascular bundles seem to undergo 
a certain degree of torsion when they enter the pedicels. 

A striking feature of the fructification, a note of which could be taken 
at this stage, is the total absence of any clear cut scales, ovuliferous or bract. 

CAH/^OCOJ^ITES LAXIIM sp. nov. 

(PI. 8, Figs. 75-85). 

Specific diagnosis of Carnoconiies laxurn^ sp. nov, — Imx cones about 3 m. X 
5 cm, with up to twsnty ovules in each longitudinal row. Ovules smaller but more 
numerous than in C, compactum. Fleshy layer less developed^ though distinct,^ 

mPANIOXTLON GUPTAl gen, et sp nov3. 

(Pis. 9-10). 

1 In a diagnosis of Ids Bpecies published in 1937 (see p. 189 above) Srivastava added **Oh com- 
parison with the original specimen it seems to be the petrified specimen of what is known in impres- 
sions as SiT<A>iltUs Pauoex Sahni’*.— (B. Sahu), 

2 For a brief description of this speciej see the abstract of the 1937 paper, reproduced above 

(p, 189 ). The definition of the genus Ntpanioxjflm as given there is, however, Obviously incomplete 

and defective. For instance. Fig. 93 shows that the zone of secondary wood was not equally developed 
all round the primary bundle. The photographs in Pis. 9-10, Figs. 66-100 show that the Author had 

intended to give a fuller account, but no further notes are traceable and (with a few cjccsptiorts) 
it has not been possible to correlate the photographs with the original sections. 

Until the material has been carefully re-caamined it would be risky to define this genus and 
its relation to The attributioa of tome of die Other organs figured in cross-section (Figs. 

09*0?, and 94-100) although tefetred in Srlvastava's notes to Jfipvxhifykn, must rematO probleniatical 
tmdl the material hm been critically investigated.— A SahRu 
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EXPLANATION OF PLATES. 

All the photographs arc from untouched negatives and were prepared 
by the author. The figured sections are preserved at the University of Ludenow. 

PLATE 1. 

lyco^on mdiem gen. et sp. nov. 

1. Slightly obhquc cross section. (K. lI/8)Xca. SB. 

2. The same stem cut at a different level. Xea. 58. 

3. The same obliquely cut. (K 11/2) x57. 

4. The same section as in Fig. 3, to show structure of ixiner cortex, X 57, 

5. Oblique longitudinal section to show scalartform tradieidf, (K ll/U) x24Si. 

6. Part of the section in Pig, 3, (K 11/2) x88. 
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HLATB 2. 

p0tUa^g4M Salrnii gen. et «p. nov. 

7. Oros8 ifect&on of »iem with partially preserved cortex. (K Il/U)x4* 

‘ 8. The lame ftectn>tix]5. 

9. CroH section of a stem with six steles. (K ll/7)xl5. 

10, Stem with 5 steles with outgoing strands (? branch traces). (K 11/10) x 30. 

H* Pan of another stem showing origin of branch traces laterally from the main bundles. X 25. 

12. A stele showing well marked rings of growth with very little secondary wood on the centrifugal 

side; ? pericycle fibres; cortex. (30/4) X 30. 

13. A stem with 5 unequal steles, the laigest stele having a radial split. (65/1) x 4. 

14. The same stem, at a slighly different level, showing the development of a sixth stele cut off 

ffom the largest stele. (K 65/2) x 4. 

13. Part of a stele showing the primary tracheids. (K 6B/2) x83. 

16. Part of the primary wood in the same stele. (K. 68/2) X 230. 

17. Annular and spiral elements of protoxylem. (K 68/1) x 650. 

PLATE 3. 

PttUoi^lon Suhni gen. ct sp. nov. 

18. A typical PerUoj^ion stele with Us surrounding tissue (see also Fig. 31). (fC 42/1) X 15. 

19. Longitudinal fi'acture of a small branched stem probably of Pentoxylon, Block (K 30) Nat. sixe. 

20. Transverse section showing secondary wood. (K 80/5) Nat. sixe. 

21. The same section enlarged. The growth rings in the two parts separated by the bUck sit^uous 

line have developed independently, (sec text) X 3. 

22. Transverse section of an unusual stem, with seven or eight bundles, pouibly showing branching. 

(K H9/1)X4. 

23* A relatively young Ptntor^lon stem. (K 4/2) x 4. 

24. Another section possibly from the same stem. (K 4/2) x 4. 

25. Two closely associated shoots probably both belonging to the same species. One » a typica 

Pintor^Um with a small amount of secondary wood; the other w a very young axis (? short 
shoot) before secondary growth had begun. The transversely cut leaves are Tatniopleris 
rpahilola; they were probably attached to the young shoots of Ptnioj^lon Sahmu (K 4/1) X 4. 

26. Another young axis ( ? ^*short shoot’*), probably of Pentoxylony showing origins of leaf-trsuzes. 

{K4/1)X4. 

27, Young wdx (? *‘short shoot**) surrounded by cross sections of leaves w ii<«. (K 30/6) x 15. 

28, A young axis (? **8hort shoot'* of Pni^j^on Sahnti) m external view, showing rhomboid per- 

sistent leaf cushions. Some of the cushions bt*ar a horizontal row of about 7 vascular 
bundle scars. (K U 7) x 4. 

29, Longitudinal section of a “short sbooi*’ like the above. (K 30/5) x5}. 

90, Longitudinal section of another **shQrt shoot’*. X5i. 

PLATE 4. 

Psfitsjpdim $a/mi gen. et sp. nov. 

9L The same stele as in Fig, 18. x38, 

32* Groups of (?) pericyxdo fibres; branch traces in cortex. (K. 30/4) X90. 

39, Transverse section, dnowing the ground tissue between twj i‘.eles* (K 42/1) X 52, 

34, Pari of a longitudinat secdon of a stem showing the origin of a lateral shoot. (K 68/1) X 18. 

35, A part of a transverse secdon of the stem to show the jacket of cells and the secondary phloem 

aiomeiits thetf charactenstic tangentially thickened watts,* x35. 

*The strueture is not dear* The origiaal section cannot he disoovered* B, 5'akai. 
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S6. Kadlat tection through {^ith'of a PefOoxy!^ noMs* (K I i/9) X 15* 

Stf Tangential icction of wood, lowing typical ooniferoua structure; medU Cays* l-aeti#tc* 

(K 1 1/5) x65. 

38« Radial secttoti of wood with typical coniferous structure with Mtp^rm in the “fields*’* Bordered 
pits 1 -seriate, coniiguous. (K 11/4) x 100. 

PLATE 5. 

PeniOJ^lon Sahrtii gen* et sp. nov. 

39> 40* Cross sections of secondary wood. (K 62/6) x30. 

4!. Radial longitudiruJ section of secondary wood showing the summer and the winter trachetds* 
(Probably K 62/7) x30. 

42* Radial section of secondary wcMid* (K 62/7) x70. 

43* Radial pitting of secondary wood. (R 62/7; x200. 

44 . Transverse section . (K 62/6) x30. 

43. Longitudinal section* (K 62/7) xSO* 

Carnoconites compaetum gen* et sp. nov. 

46f Tangential section (opaque slice) photogrphed in reflected light. (K 102/2) Nat. slxe* 

47. Tangential section (opaque slice) photographed in reflected Ught* (K 102/3) Nat. siae* 

46* Tangential section (the other face of the above specimen) photographed in reflected light. 

(K. 102/3) Nat size* 

Roughly median fracture of a cone. (K 141) Nat. size. 

50* Apprmcimately median fracture of a cone. (K 65) Nat aiae* 

51., Tangential section (the other face of the opaque slice shown in Fig. 46), (K 102/2) Nat, s«c. 

52. Thin section tranverse (s), (R 140/2) Nat. size. 

51. The same <K 140/2) x4. 

54 , Tangential section showing mosaic formed by the fleshy layers of contiguous ovules* 

(R 102/1) X4. 


PLATE 6. 

C^mpconitei cQmpactum gen. et sp* nov* 

56. Tangential (almost median) section. (R 62/1) Nat size* 

56. The same, (K 62/1) XfC. 4. 

57. Oblique section of cone passing longitudinally through the stalk of the cone. <R 36/6) x4. 
SB. Thin section showing portions of fbur ovules, with the sutures between their fleshy integuments. 

(R 16/5) xl5. 

5jlL Ovule in longitudinal section. (R 16/3) x20. 

60, Rouc^ly transverse sdbtion of a cone. (K 139/1) x4. 

6t. Obliquely transverse section of a cone. (K 15/3) x4. 

62. Tangential section ^ a cone ( ? two cones pressed together). (K 36/9) X4. 

63. Cross section of two contiguous cones with “pediUicle” also Cut transveisdy (a little above the 

centre of the figure). See Fig, 74. (K 140/4) x6* 

64* Cross section of a cone with cone a^. (K 24/1) X4. 

PLATE 7, 

Carnomius rmpactm gen. et nOv. 

65» Rase of an ovule. (?K36/3)x7L 
66. Base of an ovule. ( K 36/6) X 30. 

67* Two ovules from the section shewn in Fig. 57* (K 36/6) x 12. 
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Figs. 1—6: Lyooxylon indtouM gen. et sp. nov. 
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Figs. 7—17. Fentoxylon Sahmi gen. et, sp nov 
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Fi^s. 72-74: C<trmcon%te8 compact um gen. et sp . nov. 
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Kijfs. 86-100. 1 NipamoAiflon GupUn gen, et Bp. nov. 
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<8. Cron Metion of a cone axls» with attached ovules. (K 62/3) x28t 
69* Cron section of pedicel of a cone* (K 36/4) x 50. 

M* (? K 140/4) X 243, 

71. One bundle of the cone axis shown in Fig. 68 (K 62/3) x230. 

PLATE 8. 

Camocmdks cmpacium gen. et sp. nov, 

72. Cells of outer *onc of outer fleshy layer of integument (K 62/1) X2i5* 

73. The same. (K 62/1) X 52, 

74. Peduncle fh)in same section as in Fig. 63. (iC 140/4) X 15. 

CaTtmoconiUi hxum geo. et sp. nov. 

75. Median longitudinal section of a cone, (i^ 208} Nat. size. 

76. Tangential longitudinal section of another cone. (K 117/1) x 4. 

77. Part of the same cone. X20, 

78. One of the seeds from the same cone, x44. 

79. Another seed from the same cone, x 38. 

80. Thin section showing several cones cut transversely* (K 62/2) Nat. size, 

81* CroM section of a emte. (K 67/1). x4. 

82. Transverse fracture of a cone. (? K 187/1) x4. 

83* Crofts section of a cone, (K 62/4) x 4* 

84. Cone axis from a transversely cut cone. (K 62/2) X 47. 

83* (? K 140/4) X 245. 

PLATE 9. 

86. Gi^ai gen, et sp. nov. Cross section of stem (unstained). (K 19/U) x4. 

87* jV* Guptai* Tile same section (stained with gentian violet). x4. 

88. ? N. Gt^Oai, Cross section of another stem* (K 19/3) X 4. 

89. ? .AT, Ci^* (? K 19/2) X 4. 

90. ? .AT. GupUtu (? K 19/2) X4, 

^1. ? jV*. Ct^ai. Gross section of a stem. (K 42/2) X 22. 

92. ? A*. Cross section of a stem. (K 42/3) X22. 

93. X Cross section of a bundle from the stem shown in Figs. 86, 87. (K 19/11) x4i 

94. .AT, (? K 19/10) x400. 

PLATE 10. 

Guptai gen. et sp. nov. 

95* (?K 42/3)X79. 

96* (?K19/2)x69. 

97. (? K 19/8) X 100. 

98. (? K 19/10) X 124. 

99. (? K 19/d)x500. 
too. (? K 19/9) X 15. 
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